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EXECUTIVE SUMMARY 

This Six-Phase Heating Treatability Study Final Report has been prepared to present 
results from the Six-Phase Heating (SPH) treatability study. This report follows the outline in the 
Treatability Study Work Plan for Six-Phase Heating, Groundwater Operable Unit, at the 
Paducah Gaseous Difision Plant Paducah, Kentucky (U. S. Department of Energy [DOE] 
2001a). 

The SPH treatability study was conducted under the Comprehensive Environmental 
Response, Compensation, and Liability Act (CERCLA). This preliminary record of decision 
treatability study has provided quantitative treatment and cost data to assess the feasibility of 
deploying electrical resistance heating technology as a part of the remedial action for the 
Groundwater Operable Unit. This study was conducted in a manner consistent with the Federal 
Facility Agreement for the Paducah Gaseous DifSusion Plant among the U.S. Department of 
Energy, the U.S. Environmental Protection Agency (EPA) and the Commonwealth of Kentucky 
(EPA 1998). The SPH treatability study followed the guidance set forth in EPA’s Guide for 
Conducting Treatability Studies under CERCLA (EPA 1992). 

The SPH treatability study was intended to test the constructability, remedial effectiveness, 
and cost effectiveness of full-scale deployment of the technology in the area adjacent to the 
southeast comer of the C-400 building at the Paducah Gaseous Diffusion Plant. 

The primary activities associated with the C-400 building are cleaning machinery parts, 
disassembling and testing of cascade components, and laundering plant clothes. The two most 
significant sources of leaks and spills of volatile organic compounds that have been identified are 
located at the southeast comer of the C-400 building. This is where a drain line from the 
degreaser sump was connected to a storm sewer and also where the transfer pumps and piping 
delivered solvents to and from storage to processes in the building. 

The treatability study included the installation and operation of one SPH treatment array. 
The single SPH array consisted of six power electrodes, a center neutral electrode, an electrical 
power control unit, a steam and contaminant vapor recovery (VR) system, temperature and 
pressure monitoring systems, four multi-port monitoring wells, and contaminant vapor and water 
treatment systems. The SPH system was operated by applying electricity to electrodes that were 
constructed to a total depth of 30 meters (m) (99 feet [ft]) below ground surface, which is slightly 
below the base of the RGA. As power was applied to the electrodes, the soil matrix resisted the 
flow of electricity ‘through the electrode treatment area causing the subsurface to be heated. 
Subsurface temperatures were increased and the trichloroethene (TCE)-contaminated groundwater 
was volatilized. Steam and volatilized contaminants migrated upward and were collected in the 
vadose zone by VR wells. Water and contaminant vapors were processed by treatment systems. 

The SPH treatability study began on February 14, 2003 and was originally scheduled to 
operate for 130 days. However, a 45-day extension was implemented due to positive TCE 
extraction and the desire to increase temperatures at the base of the RGA. Active heating was 
discontinued on September 6, 2003, marking the end of the 45-day operational extension. The 
VR system was allowed to continue purging the treatment area of steam for three additional days. 

The primary objective as outlined in the Six-Phase Heating Treatability Study Work Plan 
(DOE 2001a), was to demonstrate the implementability of the SPH technology in the unsaturated 
and saturated soils of the UCRS and in the groundwater of the underlying RGA. The successful 
implementation of this work has demonstrated that SPH can effectively heat soil in the UCRS and 
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groundwater in the RGA. Data produced during the SPH treatability study indicate that the system 
can successfully recover and treat steam and the target contaminant vapors. 

The removal of TCE in the groundwater of the RGA was assessed by a comparison of the 
baseline groundwater sample results to post treatment groundwater sampling results. The post 
treatment groundwater sample results as compared to the baseline groundwater sample results 
indicate a 99.1 percent reduction in TCE concentration in groundwater which met the removal 
efficiency criteria outlined in a Six-Phase Heating Technology Assessment (GE0 2003). 

Two subsequent rounds of groundwater sampling were performed following the post 
treatment sampling event on September 8,2003. A two-week post treatment sampling event was 
completed on September 22,2003 and a four-week post treatment sampling event was completed 
on October 7, 2003. The analytical results from these two sampling events indicate slight 
fluctuations in the reduction percentages with the two-week concentrations indicating 99.2 
percent and the four-week concentrations indicating 99.0 percent. 

Groundwater data described in this report as baseline and 60 percent are final analytical 
results. Data described as 87 percent, post, two-week post and four-week post are preliminary 
results. 

The removal of TCE in the soil was also assessed by a comparison of the baseline soil 
sample results to the post treatment soil sample results. This comparison indicates an average 
TCE concentration reduction in soil of 98 percent, from an average of 125,459 ppb to an average 
of 2,485 ppb. 

Soil data described in this report as baseline are final analytical results. Post data 
described as post are preliminary results. 

To assist in the pre-test characterization, a membrane interface probe (MIT’) was utilized 
to provide a direct indication of in-situ VOC concentrations within the study area. MB’ results 
can be found in Appendix B of this report. 
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1. INTRODUCTION 

1.1 SITE DESCRIPTION 

In August 1988, volatile organic compounds (VOC) and radionuclides were detected in 
residential wells near the U.S. Department of Energy’s (DOE) Paducah Gaseous Diffusion Plant 
(PGDP). Between 1988 and the present, numerous groundwater investigations have been conducted to 
identify probable source areas. To address these source areas, a Groundwater Operable Unit 
(GWOU) Feasibility Study (FS) was issued August 2001 (DOE 2001b). The GWOU FS proposed 
that the effectiveness of certain treatment technologies being considered for full-scale use be 
evaluated (based on applicability to specific site conditions). This Treatability Study Final Report is 
for a treatability study using electrical resistance heating (ERH) in a Six-Phase Heating (SPH) array 
at the southeast comer of the C-400 building at the PGDP. 

1.1.1 Site Name, Location, Stratigraphy and Hydrology 

This treatability study was conducted at the southeast comer of the C-400 building 
(Figure 1.1) at the PGDP, which is a DOE leased uranium enrichment facility located west of 
Paducah, Kentucky. The PGDP overlies the southern extent of an ancestral channel of the 
Tennessee River. Site Stratigraphy is divided into three hydrogeologic units for this study. In 
descending order, they are: the Upper Continental Recharge System (UCRS), the Regional Gravel 
Aquifer (RGA), and the Upper Cretaceous McNairy (McNairy) Formation. 

The UCRS consists primarily of sandy silts and clays, plus occasional gravel lenses and 
is often saturated with groundwater below 13 meters (m) 39 feet (ft) below ground surface (bgs). 
Groundwater flows nearly vertically downward through the UCRS and serves as a recharge 
system for the underlying RGA. The RGA consists of sand and gravel with clay lenses. The top 
of the RGA is represented by a potentiometric surface at a depth of about 17 m (56 ft) bgs. The 
RGA is saturated throughout and is slightly artesian across the site. Hydraulic gradients beneath 
the site direct groundwater flow in the RGA to the north towards the Ohio River. Immediately 
underlying the RGA is the McNairy Formation of the Upper Cretaceous age. The top of the 
McNairy is about 28 m (91 ft) bgs. The upper McNairy consists of interbedded silts, sands and 
clay. The middle McNairy is a silty clay, while the lower portion is primarily sand with some silts 
and clay. 

Previous site investigations have led to the identification of three groundwater 
contaminant plumes resulting from past activities at the PGDP. All three plumes are located in 
the RGA. Two of these plumes, currently identified as the Northwest Plume and the Northeast 
Plume, appear to have received considerable contaminant loading from contaminated areas 
surrounding the C-400 building. Figure 1 .l presents the relationship between the maximum 
concentrations (greater than 100,000 parts per billion [ppb]) of trichloroethene (TCE) 
contamination and the C-400 building area. 





1.1.2 History of Operations 

The primary activities associated with the C-400 building are cleaning machinery parts, 
disassembling and testing of cascade components, and laundering plant clothes. The building also 
has housed various other activities, including recovery of precious metals and enrichment of 
radionuclides. 

The two most significant sources of leaks and spills of VOCs that have been identified 
are located at the southeast corner of the C-400 building. This is where a drain line from the 
degreaser sump was connected to a storm sewer and also where the transfer pumps and piping 
delivered solvents to and from storage to processes in the building. 

In June 1986, a routine construction excavation along the 11th Street storm sewer 
revealed TCE soil contamination. The cause of the contamination was determined to be a leak in 
a drain line from the building’s basement sump to the storm sewer. The area of contamination 
became known as the C-400 TCE leak site and was given the designation of Solid Waste 
Management Unit 11. After the initial discovery of.contamination, four borings were installed to 
better define the extent of the soil contamination. 

1.1.3 Prior Removal and Remediation Activities 

Following the discovery of the TCE leak in June 1986, a portion of the soils were 
excavated in an attempt to reduce the contamination in the area. Excavation was halted to 
prevent structural damage to the adjacent TCE storage tank and to 1 lth Street. Approximately 
300 II3 of TCE-contaminated soil was drummed for off-site disposal. The excavation was 
backfilled with clean soil and the area was capped with a layer of clay. 

No additional prior removal or remediation activities have been performed in the vicinity 
of the C-400 building SPH treatability study area. However, the Waste Area Grouping (WAG) 6 
Remedial Investigation @I) (DOE 1999) characterized the nature and extent of contamination 
around the C400 building. The WAG 6 RI concluded that there are areas of TCE dense 
nonaqueous-phase liquid (DNAPL) that exists in the UCRS and RGA at the C-400 building area. 
Accordingly, the SPH treatability study was centered on the area with the highest UCRS soil 
contamination levels and with high TCE levels in RGA groundwater (and possible DNAPL 
accumulation). The location is boring 400-200, with a 9 ft interval UCRS TCE concentration of 
11,055,OOO ppb. To encompass boring 400-200, the SPH electrode array was installed near the 
southeast corner of the C-400 building as shown in Figure 1.2. 

1.2 WASTE STREAM DESCRIPTION 

1.2.1 Waste Matrices 

Waste matrices generated during the SPH project, estimated quantities, and a description 
of their actual and future disposition are listed in Table 1.1. 

l-3 

Pd 





Table 1.1. Waste Matrices 

Matrix Quantity Disposition 
Soil cuttings and personal Three hundred 
protective equipment 
G’W 

fifty 55gallon 
drums 

The drums underwent thermal treatment and 
final disposition was at Envirocare of Utah. 

Monitoring well 
development water 

2,000 gallons 

Monitoring well sampling 250 gallons 
purge water 

Silt from vapor recovery 
system cleanout 

Decontamination water 

One 55-gallon 
drum 

1,000 gallons 

Spent liquid-phase Four 55-gallon 
granular activated carbon drums 
GAO 

The carbon will be disposed of at 
Envirocare of Utah. 

Ion exchange resin Two 55-gallon The resin will be disposed of at Envirocare 
drums of Utah. 

Spent vapor-phase 175,000 pounds 
granular activated carbon (lbs) 

Shipped to vendor for thermal regeneration. 

Treated through an onsite solids separation 
unit. The solids will be disposed of at 
Envirocare of Utah. The water will be 
treated through an onsite pump and treat 
facility. 

Treated through an onsite solids separation 
unit. The solids will be disposed of at 
Envirocare of Utah. The water will be 
treated through an onsite pump and treat 
facility. 

The solids will be disposed of at Envirocare 
of Utah. 

Treated through an onsite solids separation 
unit. The solids will be disposed of at 
Envirocare of Utah. The water will be 
treated through an onsite pump and treat 
facility. 

1.2.2 Pollutants/Chemicals 

The two most significant sources of leaks and spills of TCE that have been identified are 
located at the southeast comer of the C-400 building. A portion of the mass of TCE released has 
changed into degradation byproducts based on a review of historic data. TCE degradation 
byproducts are cis- 1,2-Dichloroethene, truns-1,2-Dichloroethene, and vinyl chloride (VC). 
Historic data indicates that technetium-99 (g9Tc) is also present in the RGA as part of a plume 
from an independent source; therefore, a small potential for removing g9Tc was present during 
drilling and operations. However, radiological surveys indicated no detections of “Tc above any 
action level or hold point during drilling, operations or demobilization. A comparison of 
baseline vs. post-heating sample data (excluding TCE) is included in Appendix A. 
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1.3 TREATMENT TECHNOLOGY DESCRIPTION 

The treatability study included the installation and operation of a single SPH array. The 
single array treatment system consisted of six power electrodes, a central neutral electrode, an 
electrical power control unit (PCU), a steam and contaminant recovery system, pressure and 
temperature monitoring systems, and contaminant vapor and water treatment systems. A total of 35 
borings were installed for the project: 4 multi-port groundwater and soil temperature monitoring 
wells (MW); 7 electrode and co-located vapor recovery (VR) wells; 15 vacuum monitoring 
piezometers; and 9 post-test assessment borings as shown in Figure 1.2. The treatability study was 
implemented to test the effectiveness of the SPH technology in the unique (having a broad mix of 
lithologies) hydrogeology located at the southeast comer of the C-400 building. The electrodes 
were constructed to a depth of 30 m (99 I?) bgs and consisted of six depth-discrete electrical 
resistance heating intervals covering the UCRS, the RGA, and the upper interbedded silt, sand, and 
clay layer of the McNairy formation. 

As power was applied to the electrodes, the soil matrix became an electrical resistance 
heater, raising the temperature of the soil within the treatment area (subsurface area affected by 
elevated temperatures) to a level that caused contaminated groundwater to boil and the target 
contaminants to be volatilized. The contaminants and steam were then removed from the 
subsurface using VR wells. The steam was condensed and the liquid and vapor waste streams 
were then treated separately. 

The treatment process for the vapor waste stream consisted of two 12,500 lb GAC beds 
configured in series. The primary and secondary configuration allowed for the secondary vessel 
to capture any TCE that may have “broken through” the primary vessel. The effluent of the 
secondary vessel was continuously monitored during project operations using an Innova Model 
13 14 photoacoustic analyzer (photoacoustic analyzer). The analyzer was configured to monitor 
for four contaminants (TCE, c&l ,2-Dichloroethene, trans-1,2-Dichloroethene, and VC). The 
analyzer was designed to alarm and shut down the SPH system if the effluent of the secondary 
vessel was measured above the alarm set points. The alarm set points were 19 ppmv TCE; 20 
ppmv VC; 25 ppmv cis-1,2-Dichloroethene; and 25 ppmv truns-1,2-Dichloroethene. 

The treatment process for the liquid waste stream passed through an ion exchange resin 
vessel to capture any 99Tc that may have been collected. The liquid waste stream also passed 
through liquid GAC vessels, two 150-lb carbon drums placed in parallel, to remove TCE. The 
GAC vessels were placed in parallel to allow sufficient volume to flow through the vessels once 
silt began to collect within the original vessel. 

The SPH treatability study was scheduled to operate for 130 days. However, a 45day 
extension was implemented due to positive TCE extraction and the desire to determine if an 
increase in temperatures at the base of the RGA could be achieved. Upon completion of the study, 
the remedial effectiveness of the system in the UCRS was verified by collecting post-treatment 
soil samples from new borings adjacent to selected baseline borings. Sample locations will be 
placed in Figure 1.2 in the D2 version of this report. Post-treatment groundwater samples were 
collected from the multi-port monitoring wells, and the data compared to the baseline data to 
determine the treatment system effectiveness. A comparison of groundwater sampling data is 
presented in Section 4. Groundwater data described in this report as baseline and 60 percent are 
final analytical results. Groundwater data described as 87 percent, post, two-week post treatment 
and four-week post treatment are preliminary results. Post soil sample analytical results are also 
considered preliminary results. 
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1.3.1 Treatment Process and Scale 

This treatability study was intended to provide the performance data needed to determine 
the feasibility of electrical resistance heating (ERH) to treat TCE sources at the PGDP. The scale of 
the treatability study involved integration and performance of the components of a full-scale, 
multiple electrode ERH system in a single treatment area field test. The volume of soil treated is 
governed by the power delivery capability of the SPH transformer. For this treatability study, the 
SPH array treatment area was 9 m (30 ft) in diameter, heating a subsurface treatment area 
measuring 13 m (43 ft) in diameter. 

1.3.2 Operating Features 

The following are examples of operational features that were included in the SPH 
treatment system design to conduct the treatability study safely and efficiently at the southeast 
comer of the C-400 building: 

l The exhaust of the treated vapor stream was continuously monitored by a 
photoacoustic analyzer. The photoacoustic analyzer measured the contaminant 
concentrations approximately every 63 seconds. If the vapor stream exceeded the 
alarm set points, the analyzer would trigger an alarm and the SPH system would 
automatically shut down and operators would be notified through an automated 
auto-dialer system. 

l The vapor treatment process was maintained at a slight vacuum (negative 
pressure); in the event of a leak, outside air would be drawn into the piping and 
vessels instead of releasing TCE vapors to the atmosphere prior to treatment. 

l A negative pressure vapor treatment process also provided the ability to dilute the 
vapor stream for optimal loading of the GAC vessels to prevent an excessive 
GAC temperature rise through heat adsorption. 

l A total of 15 vacuum piezometers, as shown in Figure 1.2, were installed within 
and around the treatability study area. . The piezometers were used to monitor 
temperature increases and steam migration along the UCRS and RGA interface. 
The piezometers within the treatment area contained screens and were connected 
to the VR system to collect any potential steam migration before it exited the 
treatment area. 

1.4 PREVIOUS TREATABILITY STUDIES AT THE SITE 

Three treatability studies have been conducted to investigate methods for reducing or 
remediating the VOC contamination at the C-400 building. 

The first, using a chemical co-solvent, was conducted in 1994 at the southeast comer of 
the C-400 building using existing monitoring wells. The results are reported in the In- Situ 
Decontamination of Sand and Gravel Aquifers by Chemically Enhanced Solubilization of 
Multiple-Component DNAPLs with Sqfbctant Solutions, submitted by Intera Inc., in January 
1995 (INTERA 1995). 



Two additional studies were bench scale studies conducted as part of the WAG 6 RI. 
One looked at other surfactants and co-solvents, while the other looked at chemical oxidation. 
The results of these studies are documented in Sur$actant Enhanced Subsurface Remediation 
Treatability Study Report for the Waste Area Grouping 6 at the Paducah Gaseous Di$usion 
Plant, Paducah, Kentucky, DOWOR/07-1788&D2, and in Bench Scale In-Situ Chemical 
Oxidation Studies of Trichloroethene in Waste Area Grouping 6 at the raducah Gaseous 
Diffusion Plant, Paducah, Kentucky, DOE/OR/07- 1788&D2, respectively. 
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2. CONCLUSIONS AND RECOMMENDATIONS 

2.1 CONCLUSIONS 

2.1.1 Primary Objective 

The primary objective of the treatability study as described in the Treatability Study Work 
Plan for Six-Phase Heating, Groundwater Operable Unit, at Paducah Gaseous DifSusion Plant, 
Paducah, Kentucky (DOE 2OOla) was to demonstrate the implementability of this technology for 
the unsaturated and saturated areas of the UCRS soil and for the groundwater of the RGA. A 
successful implementation would heat the soils in the UCRS and groundwater in the RGA to a 
temperature that allows steam and vapors containing the TCE to rise and be removed by the VR 
wells and treated by the vapor treatment system. 

Removal efficiency criteria were outlined in a fact sheet titled Six-Phase Heating 
Technology Assessment (GE0 2003). The criteria for evaluating the success of the SPH 
treatability study are the assessment of removal efficiency using co-located soil and groundwater 
sampling. The criteria for success included a greater than 75 percent reduction of TCE soil 
concentrations in the UCRS and a reduction of TCE groundwater concentrations to less than 1 
percent (11,000 ppb) solubility in the RGA. 

The removal efficiency of TCE in the UCRS can be assessed by a comparison of baseline 
soil sampling results to post treatment soil sampling results. The following timeline shows the 
dates of soil sampling events. 

July-August, 2002 Baseline soil sampling performed 
September, 2003 Post treatment soil sampling performed 

Baseline soil sampling results indicated an average TCE concentration of 125,459 ppb, 
with a maximum concentration of 2,900,OOO ppb found at piezometer VP-4. Preliminary post 
treatment soil sampling results indicated an average TCE concentration of 2,485 ppb, with a 
maximum of 112,500 ppb found next to piezometer VP-6. The average reduction in TCE 
concentration was 98 percent, which significantly exceeded the target of 75 percent reduction in 
soil concentrations. The results from the post treatment soil sampling are currently undergoing 
review and are preliminary results. 

The removal efficiency of TCE in the groundwater of the RGA can be assessed by a 
comparison of baseline groundwater sampling results to post treatment groundwater sampling 
results. The following timeline shows the dates of groundwater sampling events. 

January lo,2003 
May $2003 
June 23,2003 
September 8,2003 
September 22,2003 
October 7, 2003 

Baseline groundwater sampling performed 
60 Percent groundwater sampling performed 
87 Percent groundwater sampling performed 
Post Treatment groundwater sampling performed 
Two-week Post Treatment groundwater sampling performed 
Four-week Post Treatment groundwater sampling performed 

Comparison of results from these sampling events indicates that the TCE removal 
efficiency criteria were met as a result of the SPH treatability study. The average baseline 
groundwater concentration from monitoring wells MI%‘406 and MW407, located within the 



treatment area, was 645,000 ppb. Results of the post treatment groundwater sampling from these 
same locations indicated an average TCE concentration of 5,770 ppb, with a maximum of 9,440 
ppb in MW406. All groundwater samples from locations inside the electrode treatment area were 
reduced to less than 1 percent TCE solubility (11,000 ppb) and accounted for a 99 percent 
reduction in TCE concentrations in groundwater from baseline concentrations. While a number 
of the two- and four-week post treatment sample concentrations have increased from the post 
treatment results, all samples have remained below the 1 percent TCE solubility limit of 11,000 
ppb. TCE concentrations in groundwater are summarized in Table 4.1 of Section 4.1.2.2. Data 
described in this report as baseline and 60 percent are final analytical results. All other 
groundwater data have not been fully validated and are considered preliminary results. 

2.1.2 Operational Parameters 

The following operational parameters were evaluated to determine the effectiveness of 
the system and the impact of the SPH technology on current PGDP operations: 

Steam and Temperature Decay Rates - The steam and temperature decay rates of the treatment 
area are based on three data points collected since the conclusion of active heating on September 
6,2003. The post-heating average temperatures from the treatment area are listed below in Table 
2.1. 

Table 2.1. Average Decay of Heat inside the Treatment Area 

Depth Average Average Average Average Daily 
(ft. bgs) Treatment Area Treatment Area Treatment Area Heat Loss 

Temperature at Temperature after Temperature after 
Shutdown (915103) 5 days (g/10/03) 64 days (10/29/03) 

5 75* 62 46 -0.5 
15 85 77 64 -0.4 
25 97 89 76 -0.4 
35 102 95 83 -0.4 
45 I 102 I 99 93 -0.2 1 
55 105 102 96 -0.2 
65 110 105 74 -0.7 
75 107 86 53 -1.0 
85 95 70 46 -0.9 
95 69 68 49 -0.4 
105 53 54 46 -0.1 

* All temperatures are presented in “C 

The rate of heat loss varied between the UCRS and the upper McNairy formation. The upper 
unsaturated zone of the UCRS, which is losing heat faster than the lower saturated UCRS, is 
likely experiencing the impact of ambient air moving through the pore spaces of the formation. 
The saturated UCRS and upper McNairy formation are cooling slower than the other depth zones 
due to the insulating effect of the saturated soil and the relatively slow movement of groundwater 
flow. As expected, the saturated zone of the RGA is cooling faster than all other depth zones in 
the treatment area. The rapid movement of groundwater through the treatment area is the 
mechanism that is removing more heat than other depth intervals. 
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The rate of heat loss since the conclusion of active heating has been consistent with the 
temperature changes observed during the SPH application. The retention of heat by the 
subsurface has no detrimental effects on a full-scale application of the SPH technology and is also 
consistent with the rate of heat loss seen at many other SPH applications. The heat loss in the 
RGA further asserts the need for a full-scale electrode design that can compensate for the rapidly 
moving groundwater of the formation. 

Temperature Gradients throughout the Test Cell - The criterion used to evaluate temperature 
gradient was the uniform heating of the treatment area to the boiling point of water at depth inside 
the electrode treatment area. As described in Section 4.1, this goal was achieved in the UCRS 
and shallow RGA from 1.5 to 23 m (5 to 75 ft) bgs but not in the deep RGA from 23 to 29 m (75 
to 95 ft) bgs. The technology has the ability to heat the subsurface at the southeast comer of the 
C-400 building but did not fully reach the temperature goal due to electrode malfunctions in 
electrode design as described in Section 2.2. However, the treatment system did heat the 
treatment region to above the boiling point of TCE DNAPL. The implementation of 
recommendations described in Section 2.2 could be used in a full-scale application for improved 
electrode performance. 

TCE Removal Rates as a Function of Operational Time and Energy Consumption - The 
TCE removal rate was quantified by two different sampling methods during treatability study 
operations, daily using a photoacoustic analyzer and weekly using summa canisters configured to 
collect a 24-hour integrated sample. A comparison of the TCE removal rates using photoacoustic 
analyzer and summa canisters is displayed in Figure 2.1. The vapor recovery system extracted a 
baseline TCE concentration of 130 ppmv from the non-heated treatment area prior to active 
heating. As shown in Figure 2.1, the trending of the daily photoacoustic analyzer readings shows 
a sharp increase in vapor waste stream concentration to approximately 1,700 ppmv on March 20, 
2003. The analytical results from the summa canister collected on March 19,2003 show a similar 
peak in concentration of 1,800 ppmv. The TCE concentration decreases by both measurement 
techniques over the next three weeks yet still averaged approximately 600 ppmv. The vapor 
waste stream decreased further around April 20, 2003 and did not consistently return to greater 
than 400 ppmv for the remainder of active heating. These data, combined with the results of the 
60 percent groundwater sampling event starting on May 3, 2003, indicate that a significant 
amount of the TCE contamination was removed during the first 60 percent of energy application. 

The amount of energy input to the subsurface was closely aligned with the original estimate for 
the treatability study operation. A total of 2,283,850 kilowatt-hours were input into the 
subsurface, while the original estimate was 1,927,OOO kilowatt-hours for remediation of the 
treatment area. 

Constructability of the System in the C-400 Building Area - The constructability of a full- 
scale application of a SPH system should only be impaired by the accessibility to the south side 
of the C-400 building during electrode installation. Electrodes would be installed in the areas of 
highest contaminant concentration based on existing plume maps, historic and SPH treatability 
study data. A large bay door on the south side of the C-400 building is used by the United States 
Enrichment Corporation (USEC) personnel to transport materials in and out of the building. The 
electrodes could be installed and operated below grade without interfering with the daily 
operations of the building. However, the bay door would be obstructed during electrode 
installation and system construction. Angled electrode borings and other construction methods 
could be implemented to minimize the impact to the C-400 building operations. Angled electrode 
borings could be used to remediate areas under the outside TCE-storage tank, gantry crane, 
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building bay door and loading pad without requiring demolition. Angled electrodes could also be 
used to extend the treatment area 6 to 9 m (20 to 30 ft) under the C-400 building footprint. 

Construction and Operation Costs as a Function of TCE Mass Removed or Destroyed (Cost- 
Effectiveness) - An estimated 22,856 lbs of TCE was removed from the vapor waste stream during 
SPH operations (described in Section 4.1.1). Using a unit weight for TCE of 12.11 lbs per gallon, a 
total of 1,887 gallons were removed. Using an estimated cost for the treatability study of $6.3 
million would relate to a cost of $3,338 per gallon of TCE removed. 
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* The photoacoustic sample fi-om June 18, 2003, was collected immediately after system rest&t following an extended shutdown. Process 
knowledge has shown that TCE extraction rates increase following startup after an extended shutdown. 

Figure 2.1. Vapor Waste Stream Comparison, Photoacoustic and Summa Canister Data 



The Effect of the SPH System on Adjacent Utilities and Facilities - Air samples were 
collected at four separate subsurface locations adjacent to the SPH treatability study site. Samples 
were collected to ensure and document that workers in adjacent facilities were not being exposed 
to VOC contaminants generated by SPH operations. 

During the first 30 days of system’operation, air samples were collected daily from the C-400 
building basement and from three locations in a tunnel located just east of the SPH site. The 
samples were collected using gas indicator tubes designed to identify TCE and VC. Neither 
contaminant was detected during the initial 30-day time period. Therefore, the sampling 
frequency was reduced to weekly. Gas indicator tubes indicated no detections of TCE or VC for 
the duration of SPH operations. The detection limits were 2 parts per million (ppm) for TCE and 
0.5 ppm for VC. 

Additionally, for the first 10 weeks of SPH operations, air samples were collected weekly at the 
same four locations using summa canisters configured to collect a 24-hour integrated sample. 
Summa canisters were analyzed for VOCs with detection limits of 0.5 ppmv. During the week of 
March 17, 2003, TCE was detected at 2.8 ppmv in the summa canister sample collected from the 
C-400 basement. The positive TCE result was evaluated and determined to have originated from 
seep water in the sump surrounding an abandoned TCE storage tank located in the C-400 
building. However, as a precaution, and for the remainder of the project, one of the summa 
canister sample locations was changed from the tunnel to the office area of the C-400 building. 
Additionally, sample collection was reduced from weekly to bi-weekly for the remainder of the 
project. All results from samples collected in the C-400 building office area were non-detect. 

An additional TCE detection occurred during SPH operations. The C-400 basement sample 
collected during the week of May 12, 2003 had an estimated TCE detection of 0.5 ppm. The 
positive TCE result was again determined to have originated from the seep water in the sump 
surrounding the abandoned TCE tank in the C-400 building. There were no other detections of 
the contaminants of concern throughout SPH operations. 

2.2 LESSONS LEARNED AND RECOMMENDATIONS 

Topic 
Heated groundwater may have migrated from the treatment area. 

Description 
Thermocouples located in the borings of monitoring wells MW405 and MW408 outside the 
treatment area indicated that heated groundwater may have migrated from the treatment area 
during the treatability study (Figures 4.3 and 4.4), particularly near the middle of the RGA at 
approximately 23 m (75 ft) bgs. However, the heated groundwater did not appear to carry 
significant TCE mass because the VOC concentrations in MW405 and MW408 decreased as the 
heated groundwater encroached upon them. The horizontal flow of groundwater is discussed 
further in Section 4.1. 

Solution / Recommendation 
A hydraulic control system could be incorporated into a full-scale design to prevent the spread of 
heated groundwater; however, the cost of such a system may not be justified because of the lack 
of detrimental effects shown during the treatability study. Edge effects, including hot 
groundwater spreading, become relatively less important as the treatment area increases. 
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Topic 
Electrodes failed to heat six discrete intervals. 

Description 
The treatability study electrodes were designed to include six independent electrically conductive 
elements at various depths. Steel shot was used as an electrode backfill. During electrode 
installation, the high density of the steel shot column potentially displaced the electrical insulating 
materials (bentonite) that separated the six elements and, therefore, caused each electrode to 
function as a single element with no vertical differentiation. The high backfill density and 
structural instability could have disconnected the two deepest electrode intervals and prevented 
sufficient power from reaching these depths for active water boiling. 

Solution / Recommendation 
The electrode design should be adapted in a full-scale application to prevent the electrical 
connection, settling, and weight issues discovered during the SPH treatability study. The density 
of the conductive backfill material could be lowered by using a combination of steel and graphite 
backfill to reduce the electrode’s ability to shift within an unstable RGA formation. The cable 
that supplies power to the individual electrode intervals should have one electrical connection and 
one structural connection that will absorb the stress of any movement or settling. A simpler 
electrode design would incorporate three electrode elements (one each in the UCRS, the RGA, 
and the upper McNairy formation) rather than the six intervals used during the treatability study. 
The .electrodes were not able to create a thermal barrier or “hot floor” as designed, but no 
evidence suggests that DNAPL migrated down to the McNairy Formation during the treatability 
study and the use of a thermal barrier may not be warranted in a full scale application. The 
electrode element isolators should be made of cement grout or sand to prevent dissipation and 
failure; bentonite should not be used in a weight bearing application. 

Topic 
Influx of sediments into the treatment system clogged system components 

Description 
The shallow vapor recovery screens located from 1.5 to 2 m (5 to 7 ft) bgs were pulling sediments 
into the condenser knockout pots. Periods of rain would saturate the surface soil and lower the 
permeability of the shallow soil of the treatment area, which would then begin to act as a vacuum 
cap. The vacuum inside the treatment area would increase due to the lack of airflow through the 
soil. The elevated vacuum in the shallow soil created air channels to the surface around the 
electrode’s concrete surface seal. The velocity of the ambient air stream moving through a small 
channel transported a high volume of sediments into the vapor recovery wells and into the 
condenser. These sediments accumulated in the knockout pots and eventually clogged the liquid 
GAC vessels resulting in system shutdown. 

Solution / Recommendation 
The air channels were filled with concrete and the electrode seals were extended horizontally 
away from the electrodes to provide better surface isolation. A 6-millimeter VisqueenTM cap was 
installed over the treatment area to help maintain stable soil permeability. Additionally, the 
vacuum applied to the treatment area was decreased. These changes drastically reduced the 
amount of sediment collected in the condenser components during remaining operations. The 
design of a full-scale application should incorporate a treatment area cap where shallow vapor 
recovery is necessary. The cap should be constructed of plastic sheeting, concrete, or asphalt to 



maintain stable permeability. Particulate filters should be installed prior to the condensate water 
treatment system to aid in capturing any fine sediment that may be pulled into the condenser by 
the vapor recovery system. 

Topic 
Higher than expected VOC readings observed in the breathing zone during subsurface 
installation. 

Description 
Photoionization detector (PID) readings indicated VOCs in ambient air in the vicinity of the 
borings during drilling, sample collection, and other installation activities. Based on historical 
data and process knowledge, VOCs measured in the ambient air during installation activities were 
probably vapors from the volatilization of TCE. However, due to the detection of larger 
quantities of VOCs and an elevated PID reading in the breathing zone of an employee (>300 
ppmv), the presence of TCE degradation byproducts (specifically VC) became a concern. 

Solution / Recommendation 
Two summa canister grab samples were collected from the open boring of Electrode ##4 at two 
depths. One sample was collected at approximately 6 m (20 ft) bgs and the other sample 
collected at approximately 15 m (50 ft) bgs. Results from these samples estimated the presence 
of small quantities of VC in the boring (16,000 and 14,000 parts per billion by volume [ppbv]). 
However, the presence of extremely high levels of TCE (380,000 ppbv) resulted in high detection 
limits and VC sample results could not be validated to a high degree of certainty. Area 
monitoring was conducted for a period of 10 working days to confirm the presence of VC in the 
work area. Monitoring was performed in conjunction with the use of level B PPE and feasible 
engineering controls. The monitoring consisted of the continuous collection of carbon tube 
samples in the breathing zone of workers when the potential existed for worker exposure to VC. 
The sample media were changed every 15 minutes in order to obtain a 15 minute Time Weighted 
Average (TWA). The sampling was conducted in accordance with National Institute for 
Occupational Safety and Health (NIOSH) Method 1007 to obtain a 95 percent confidence level 
for VC concentrations. 

The VC charcoal tube samples were shipped to an American Conference for Governmental 
Industrial Hygienists (ACGM) accredited industrial hygiene laboratory for analysis. All 
laboratory sample results for the VC samples were non-detect at 0.25 ppm with regulatory limits 
of 1 ppm TWA and a 5-ppm ceiling. As a result, PPE requirements were downgraded from Level 
B to Level C. 



3. TREATABILITY STUDY APPROACH 

3.1 TEST OBJECTIVES AND RATIONALE 

The primary objective of the treatability study as described in the TreatabiZity Study Work 
Plan for Six-Phase Heating, Groundwater Operable Unit, at Paducah Gaseous Diffusion Plant, 
Paducah, Kentucky (DOE 2001a) was to demonstrate the implementability of this technology for 
the unsaturated and saturated soils of the UCRS and for the groundwater of the RGA. A 
successful implementation would heat the soils and groundwater in both the UCRS and RGA to a 
temperature that allows steam and vapors containing the TCE to rise and be removed by the VR 
wells and treated by the vapor treatment system. 

Removal efficiency criteria were outlined in the Six-Phase Heating Technology 
Assessment (GE0 2003). The criteria for evaluating the success of the SPH treatability study are 
the assessment of removal efficiency using co-located soil and groundwater sampling. The 
criteria for success included a greater than 75 percent reduction of TCE soil concentrations in the 
UCRS and a reduction of TCE groundwater concentrations to less than 1 percent solubility 
(11,000 ppb) in the RGA. 

The removal efficiency of TCE in the UCRS can be assessed by a comparison of 
baseline soil sampling results to post treatment soil sampling results. The following timeline 
shows the dates of soil sampling events. 

July-August, 2002 Baseline soil sampling performed 
September, 2003 Post treatment soil sampling performed 

Baseline soil sampling results indicated an average TCE concentration of 125,459 ppb. 
Preliminary post treatment soil sampling results indicated an average TCE concentration of 2,485 
ppb. The average reduction in TCE concentration was 98 percent, which significantly exceeded 
the target of 75 percent reduction in soil concentrations. 

The removal efficiency of TCE in the groundwater of the RGA can be assessed by a 
comparison of baseline groundwater sampling results to post treatment groundwater sampling 
results. The following timeline shows the dates of groundwater sampling events. 

January lo,2003 
May 5,2003 
June 23,2003 
September 8,2003 
September 22,2003 
October 7,2003 

Baseline groundwater sampling performed 
60 Percent groundwater sampling performed 
87 Percent groundwater sampling performed 
Post Treatment groundwater sampling performed 
Two-week Post Treatment groundwater sampling performed 
Four-week Post Treatment groundwater sampling performed 

Comparison of results from these sampling events indicates that the TCE removal 
efficiency criteria were met as a result of the SPH treatability study. The average baseline 
groundwater concentration from monitoring wells MW406 and MW407, located within the 
treatment area, was 645,000 ppb. Results of the post treatment groundwater sampling from these 
same locations indicated an average TCE concentration of 5,770 ppb, with a maximum of 9,440 
ppb in MW406. All groundwater samples from locations inside the electrode treatment area were 
reduced to less than 1 percent TCE solubility (11,000 ppb) and accounted for a 99 percent 
reduction in TCE concentrations in groundwater from baseline concentrations. While a number 
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of the two- and four-week post treatment sample concentrations have increased from the post 
treatment results, all samples have remained below the 1 percent TCE solubility limit of 11,000 
ppb. TCE concentrations in groundwater are summarized in Table 4.1 of Section 4.1.2.2. Data 
described in this report as baseline and 60 percent are final analytical results. All other 
groundwater data have not been fully validated and are considered preliminary results. 

3.2 EXPERIMENTAL DESIGN AND PROCEDURES 

The design process involved adapting field-proven and successful SPH designs to the 
unique hydrogeology (having a broad mix of lithologies) of the C-400 building area. Unique 
characteristics of the C-400 lithology included the extremely high permeability of the RGA, 
which is overlaid by the lower permeability UCRS and included the depth of desired treatment 
(about 30 m [98 ft] bgs). Design features were incorporated to address these unique features and 
are described below. 

3.2.1 Electrode Design Adaptation for C-400 Building Lithology 

When performing a treatability study of any remedial technique, the study must include 
rigorous verification that the remedial technique does not spread the contamination or have other 
undesirable side effects. In the case of the SPH treatability study at the C-400 building, the 
principal potential side effect was considered to be lateral spread of TCE-laden steam, either in 
the saturated or vadose zones. In particular, a steam bubble might collect at the top of the highly 
permeable RGA instead of migrating through the UCRS. If such a steam bubble grew to a 
sufficient size, then steam could move laterally along the underside of the UCRS and carry TCE 
mass from the treatment area without being treated. 

The treatability study incorporated several electrode features to reduce the potential for 
the spread of TCE vapors such as co-located vapor recovery wells in the same borehole. The SPH 
treatability study electrodes included three independent vapor recovery mechanisms with separate 
casings: 

0 A shallow vapor recovery well at 1 to 2 m (3 to 6 ft) bgs 
0 A deep vadose zone vapor recovery well 7 to 9 m (23 to 30 ft) bgs 
0 A steam vent that was capable of allowing steam recovery from near the top of the 

UCRS water table 10 to 11.5 m (32 to 37 ft) bgs and from the top of the RGA 15 to 
18m(51 to59ft)bgs 

In addition to the three vapor recovery/steam casings, the electrodes were constructed of 
highly permeable steel shot and sand. The permeable backfill allowed for vertical migration of 
any steam generated at depth in the RGA. 

To enhance vapor recovery, the vapor recovery wells were initially operated at a vacuum 
of 10 to 15 inches of mercury (in. Hg). As the study progressed, the high vacuum was not 
required to maintain vapor capture, and the applied vacuum was decreased to a range of 4 to 6 in. 

3-2 

31 



3.2.2 Vacuum Piezometer Design Adaptation for C-400 Building Lithology 

Because of concerns regarding the potential for steam and TCE vapor to spread laterally 
during the study (especially at the UCRSRGA interface), 15 vacuum piezometers were installed 
at the site. The vacuum piezometers provided monitoring capability at four depths bgs: 3m (10 
ft), 6m (20 ft), 9m (30 ft), and at the top of the RGA, 15 to 18 m (49 to 59 ft). 

Nine of the vacuum piezometers were installed within the electrode treatment area 
vacuum piezometers (VP-1 through VP-8 and VP-IO). The RGA vents of the internal piezometers 
were connected to the VR system to aid in the recovery of a potential steam bubble. However, 
monitoring data collected during operations showed no indication that a steam bubble had formed 
at the top of the RGA. 

Thermocouples were installed in VP-3, VP-5, VP-g, and VP-10 within the treatment area 
and in VP-1 1 and VP-13 outside the treatment area. The thermocouple depths were 5, 11, and 17 
m (17,37, and 57 ft) bgs. Manual readings from thermocouples installed within the treatment area 
indicated that the surrounding soil was heated as expected. Thermocouples in VP-1 1 and VP-13 
were expected to indicate slow heating through thermal conduction. The thermocouple at 17 m 
(56 fi) bgs in VP-l 1 indicated that temperatures had reached the boiling point of water very late 
in the treatability study - on or around July 9, 2003. However, VP-l 1 did not indicate the buildup 
of positive pressure to suggest that a steam bubble had spread to this location. 

All 15 vacuum piezometers also provided for vacuum measurement at three depths in the 
vadose zone. A review of data throughout system operations did not provide evidence that TCE 
vapor was spread laterally during the treatability study. 

3.2.3 Design Adaptations Due to Depth of Treatment 

SPH treatability study depth extended from near ground surface to about 30 m (99 ft) bgs. 
This is almost twice as deep as previously constructed SPH systems. Although the increased 
depth interval was not a complicating factor in itself, the greater depth did cause the study to 
intersect more varied lithologic zones than at previous SPH sites. The greater depth also provided 
an impetus to evaluate the variations in effectiveness with depth and lithologic zone. This led to a 
design that included six different electrode elements to independently direct heat to various depth 
zones: 1.5 to 5 m (5 to 16 ft) bgs (shallow vadose zone), 5 to 12 m (16 to 39 ft) bgs (deep vadose 
zone), 12 to 17 m (39 to 56 ft) bgs (saturated UCRS), 17 to 23 m (56 to 75 ft) bgs (shallow RGA), 
23 to 27 m (75 to 89 ft) bgs (deep RGA), and 27 to 30 m (89 to 98 fi) bgs (upper McNairy 
formation). The design also allowed for the 27 to 30 m (89 to 98 ft) bgs electrode interval to be 
heated before the electrode interval above it to provide a thermal barrier or “hot floor” to prevent 
potential downward DNAPL migration. 

The design included a combination of borings used for electrodes and VR functions. As 
described above, the VR wells incorporated three independent casings and the electrodes 
incorporate six independent depth elements. Ideally, two boreholes would have better contained 
all of the components. However, the treatability study region was small and the desire to 
thoroughly monitor TCE vapor capture using 15 vacuum piezometers and groundwater quality 
using four monitoring wells resulted in a high density of borings. An additional 14 borings would 
have been required if the electrodes and VR wells were installed in separate borings. Ultimately, 



limited space led to a decision to place all electrode and VR functions in a single borehole, 
resulting in a total of seven co-located electrodes and VR well borings. 

3.3 EQUIPMENT AND MATERIALS 

The following list provides the primary equipment and materials that were necessary for 
installation of the SPH system. A complete list and specifications can be found in the 
Construction Quality Control Plan for the Six-Phase Heating Treatability Study at the Paducah 
Gaseous DzJksion PZant (DOE 200 1 c). 
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CME-75 Drill Rig 
lo- l/4” augers 
8-W augers 
4- l/4” augers 

t 

Support vehicles and decontamination equipment 
Components to construct electrodes, monitoring wells, and piezometers 
Boom truck for electrical installation 
Forklift 
SPH power control unit 
Electric utility supply line 
Computer 
Data acquisition software 
Temperature sensors 
Steam and vapor treatment system and accessories 
VR system 
Phone line, remote telemetry unit 

3.4 SAMPLING AND ANALYSIS 

The overall sampling strategy for the SPH treatability study focused on the soils in the 
UCRS and groundwater in the RGA. Analytes of interest were the organic compounds TCE and 
its degradation byproducts, as well as benzene, carbon tetrachloride, and chloroform; 
radionuclides; metals; geochemical parameters such as pH, oxidation-reduction potential (Eh), 
conductivity, dissolved oxygen, temperature, and soil moisture; and major anions and cations. 

Sampling for the SPH treatability study consisted of groundwater and soil sampling as 
described below. 

3.4.1 Groundwater Sampling 

Four multi-port monitoring wells were installed to collect groundwater samples. One of the 
groundwater monitoring wells was placed upgradient (south) of the treatment area, two of the 
monitoring wells were placed within the treatment area, and one monitoring well was placed 
downgradient (north) of the treatment area (Figure 1.2). Each multi-port monitoring well has seven 
sampling ports, which made each well equivalent to a multi-well cluster. Each of the four multi- 
port monitoring wells contains seven independent sampling ports. The shallowest port located in 
the lower UCRS 11 m (36 ft) bgs never yielded groundwater. Five ports were located in the RGA 
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formation 20 to 27 m (66 to 89 ft) bgs, and the deepest port was located in the McNairy formation 
at 32 m (105 ft) bgs. 

The first groundwater sampling event was conducted on January 10, 2003, prior to 
heating activities to establish a baseline. Progress groundwater sampling events were conducted 
during the operational phase of the treatability study. In accordance with the SPH design, one 
groundwater sampling event occurred when SPH operations were approximately 60 percent 
complete and a second groundwater sampling event occurred when SPH operations were at about 
87 percent complete. Beginning on September 8, 2003, at the completion of the extended soil 
heating operational period (before the soil and groundwater had a chance to cool down), 
groundwater samples were collected again to compare to the baseline sample data to evaluate the 
performance of the technology. A comparison of the data is presented in Section 4. Data 
described in this report as baseline and 60 percent are final analytical results. Data described as 
87 percent and post treatment are preliminary results. 

Two additional groundwater sampling events for TCE analysis only were added to the 
scope following post operation sampling to assess and quantify the amount of contaminant 
rebound. The sampling events were conducted beginning on September 22, 2003 and October 7, 
2003, respectively. A comparison of this data is presented in Section 4. Data described as two- 
week and four-week post treatment are preliminary results. 

3.4.2 Soil Sampling 

Soil sampling was conducted during the subsurface installation phase of the treatability 
study to quantify the amount of TCE in the UCRS prior to remediation. Soil samples were taken 
at piezometer locations VP-1 through VP-8 inside the treatment area and piezometer locations 
VP-9 through VP-1 1 surrounding the treatment area (Figure 1.2). Samples were collected in 2- ft 
intervals from the surface to 58 A bgs. 

At the conclusion of heating, nine soil borings were installed to measure soil residual 
contamination concentrations after applying the technology. These borings were located adjacent 
to piezometer locations (VP-1 through VP-8 and VP-lo) where baseline soil samples were 
collected to establish pre-test contaminant levels. The soil samples were collected from the same 
depths as the baseline samples and analyzed for the same analytes and parameters tested for in the 
baseline soil samples. Preliminary post treatment soil sampling results show an average reduction 
in TCE concentration of 98 percent, which is significantly higher than the target reduction of 75 
percent. The average TCE concentration was reduced from a pre-test level of 125,459 ppb to a 
post treatment average of 2,485 ppb. Since the post treatment soil analytical data has not been 
validated, it should be considered preliminary data. 

In each of the monitoring well installation borings that extend to the base of the RGA, a 
soil sample was collected across the RGAMcNairy formation interface, or within the uppermost 
McNairy formation, to aid in determining the presence of pooled DNAPL. Field analysis of this 
soil sample, based on readings of a PlD and visual observations, were used to assess the local 
presence of a DNAPL pool. No significant thickness of pooled DNAPL was identified in any of the 
soil samples. No recovery was obtained in the attempt to collect a sample from the interface at 
MXi’408. 

3-5 

-3 i” 



3.5 DATA MANAGEMENT 

3.5.1 Data Management Activities 

Data management activities for the treatability study managed the life cycle of 
environmental measurement data from the planning of data for characterization and remediation 
decisions, through the collection, review, and actual usage of the data for decision-making purposes 
to the long-term storage of data. The environmental measurements data management process 
contained the following major activities: sampling and analysis planning, field preparation, field 
data collection, data review, data assessment, and data consolidation and use. 

The data coordinator and the Project Environmental Measurements System (PEMS) 
coordinator, as well as the data manager and BJC sample manager, performed data management 
activities. The Data Coordinator ensured that the requirements of the data management plan were 
met. The Data Coordinator was responsible for managing the site characterization data for the 
treatability study. This management activity includes accumulation, control, validation, and 
storage of site characterization and performance data as part of the treatability study. Data, 
including chain-of-custody information, field measurements, and laboratory data, were entered 
into Paducah PEMS. 

Paducah PEMS is the data management tracking system for the treatability study, which 
includes field forms, chain-of-custody records, and hard copy data packages as well as electronic 
data deliverables (EDD). Laboratory chain-of-custody (COC) forms, labels, and logbook stickers 
were generated from Paducah PEMS. Paducah PEMS was used to identify, track, and monitor 
each sample and associated data from point of collection through final data reporting. 

The BJC Sample Manager developed the analytical statement of work (SOW) to be 
implemented by a laboratory for analysis of treatability study samples. Analytical methods, 
detection limits, minimum detectable activities, and deliverable requirements were specified in 
this SOW. The BJC Sample Manager provided the SOW information to the CDM Data 
Coordinator for populating the Paducah PEMS database. Once samples were delivered and 
analyzed by the analytical laboratory, the BJC Sample Manager received the EDDs and 
performed a contractual screening/verification. The BJC Sample Manager interacted with the Data 
Coordinator to ensure that hard copy and EDD formats were properly specified and interface with 
the laboratory to ensure that the requirements were understood and met. 

The BJC Data Manager interfaced with the Data Coordinator for oversight of Paducah 
PEMS and to ensure that data deliverables met BJC requirements. The BJC Data Manager 
entered information related to the fixed-base laboratory data packages and the tracking associated 
with samples once the samples were shipped from the laboratory and receipt of samples was 
verified. The fixed-base laboratory EDDs and the field measurement data were loaded into 
Paducah PEMS by the PEMS Coordinator. The Data Coordinator was responsible for data 
verification, validation, assessment, and preparing the data for transfer from Paducah PEMS to 
the Paducah Oak Ridge Environmental Information System (OREIS). The BJC Data Manager 
was responsible for transferring the data from the ready-to-load files supplied by the data 
coordinator to the Paducah OREIS database. 
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3.5.2 Field Data Collection 

Prior to field sampling, sample containers, labels, preservatives, chain-of-custody records, 
and procedures for collecting samples were generated or prepared for performing the sampling 
event. Field measurements were collected during groundwater sampling using a Horiba Model 
U-22 Water Quality Meter and consisted of conductivity, dissolved oxygen, Eh, pH, and 
temperature. A Hach test kit was used to analyze for total residual chlorine in groundwater 
samples. Soil, groundwater samples, and wastewater were collected according to the following 
procedures: 

CDM-005 Development, Completion and Control of Data Forms and Logbooks 
CDM-006 Sample Chain of Custody 
CDM-008 Sample Tracking and Handling Guidance 
CDM-009 Collection of Field Quality Control Samples 
CDM-012 Groundwater Monitoring Sampling 
CDM-024 Subsurface Soil Sampling 
CDM-03 1 Containerized Waste Sampling 

The appropriate frequency of field quality control (QC) samples was collected during the 
treatability project. Field duplicates, field blanks and equipment rinseates were collected one per 
every twenty environmental samples. Trip blanks were collected for each cooler that contained 
samples being analyzed for VOCs. Sample custody was maintained in the field by the field 
samplers until custody of the samples was transferred to the laboratory for analysis. Samples that 
were unable to be collected due to poor recovery were noted on the COC, in the field logbook and 
in Paducah PEMS. Calibration of field measurement equipment (i.e., Horiba) was performed 
according to manufacturer instructions and recorded in the field logbook. 

Field sampling information, such as date and time collected and field measurements, 
were obtained from the COCs and field logbooks, respectively, and were manually entered into 
Paducah PEMS according to CDM-007, Data Management Coordination. A QC check was 
performed, which involves comparing printouts of the data in Paducah PEMS to the COCs and 
field logbooks. 

Operational data were collected in accordance with approved work instructions. Work 
instructions are located in Appendix C of this report. 

3.5.3 Sample Analysis 

The BJC Sample Manager coordinated with the analytical laboratory to perform the 
analysis of treatability study samples, Samples were analyzed according to SW-846 procedures. 
When not available, other nationally recognized methods such as those of EPA, DOE, and the 
American Society of Testing and Materials were used. The BJC Sample Manager ensured that 
hard-copy deliverables and EDDs from the laboratories contained the appropriate information and 
were in the correct formats. 
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3.5.4 Laboratory Analytical Data 

All data packages and EDDs received from the laboratory were tracked, reviewed, and 
maintained in a secure environment. Paducah PEMS and/or Paducah OREIS were used for 
tracking all data. The primary individual responsible for these tasks was the BJC Sample 
Manager. The following information was tracked: sample delivery group number, date received, 
number of samples, sample analyses, receipt of EDD, and comments. The PEMS Coordinator 
downloaded analytical data into Paducah PEMS and then initiated the data review process. 

3.5.5 Data Review 

The data review process consisted of the verification, validation, and assessment of 
environmental measurements, waste management data, and analytical data from fixed-base 
laboratories. The data verification process determined if results were returned for all samples, if 
the proper analytical and field methods were used, if analyses were performed for the desired 
parameters, and if the requirements of any laboratory subcontracts were met. The data validation 
process determined whether proper QC methods were used and whether the results met 
established QC criteria. The data assessment process determined whether data were adequate for 
its intended use. Any problems found during the review process were documented and resolved. 

3.5.6 Data Verification and Validation 

The Data Coordinator was responsible for ensuring that data verification and data 
validation occurred as outlined in CDM-004, Quality Assured Data. Verification of analytical 
data can be broken down into two steps: laboratory contractual screening and electronic Paducah 
PEMS verification. Laboratory contractual screening was the process of evaluating a set of data 
against the requirements specified in the analytical SOW to ensure that all requested information 
was received. The contractual screening included, but was not limited to, the COC, number of 
samples, analytes requested, total number of analyses, method used, QC samples analyzed, 
EDDs, units, holding times, and reporting limits achieved. The BJC Sample Manager was 
primarily responsible for the screening upon receipt of data from the analytical laboratory. 
Electronic Paducah PEMS verification was the process for comparing a data set against a set 
standard or contractual requirement, specific to the project. The data coordinator performed this 
electronic verification. Data were flagged, as necessary, and qualifiers were stored in Paducah 
PEMS for transfer to Paducah OREIS. 

Verification of field measurements data consisted of establishing that data are recorded 
correctly and that field instruments were properly calibrated and ensuring the accuracy and 
completeness of all field forms and logbooks (e.g., sample information forms, chain-of-custody 
forms, requests for samples analysis, etc.). Any problems with the data were documented as 
appropriate in Paducah PEMS. 

Data validation was performed in accordance with EPA procedures and was validated at 
a target frequency of a minimum of 10 percent of all data packages. Data validation is the process 
of screening data and accepting, rejecting, or qualifying the data on the basis of sound criteria. 
Data were validated, as appropriate, based on holding times, initial calibration, continuing 
calibration, blank results, and other QC sample results. The independent Data Validator 
performed validation according to the following procedures: 
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CDM-025 Volatile and Semivolatile Analytical Data Validation 
CDM-026 Inorganic Analytical Data Validation 
CDM-027 Pesticide and PCB Analytical Data Validation 
CDM-028 Radiochemical Analytical Data Validation 
CDM-029 Wet Chemistry Analytical Data Validation 

Upon receipt of validated Form I’s, the validated packages were tracked. Validated 
results were manuahy entered into Paducah PEMS. These results incIuded data validation 
qualifiers. A QC check was made of the electronic data against the hard copy and validated Form 
1’s. If the EDD did not match the Form I, either the laboratory was required to resubmit the EDD 
or manual changes were made to the data in Paducah PEMS. 

3.5.7 Data Assessment 

Data assessment was conducted and documented according to procedure CDM-004, 
Quality Assured Data. The data review process determines whether a set of environmental data 
satisfies the data requirements defined in the project scoping phase. This process involves the 
integration and evaluation of all information associated with a result. Data review consists of an 
evaluation of the following: data authenticity; data integrity; data usability; outliers; and precision, 
accuracy, completeness, and comparability parameters. 

3.5.8 Data Consolidation, Analysis, and Use 

The data consolidation process consisted of the activities necessary to prepare the 
evaluated data for the users. The main users for the treatability study were the project team, which 
used the data to develop project data reports, including this treatability study report. 

3.5.9 Records Management and Document Control 

All field logbooks, site logbooks, chain-of-custody forms, data assessment and validation 
packages with associated quality assurance (QA)/QC information, validation forms, were assigned 
document control numbers and maintained according to the requirement for a satellite document 
management center defined in CDM-003, Records Management. 

3.6 DEVIATION FROM THE WORK PLAN 

The following is a summary of deviations from the treatability study work plan (DOE 
2001a) that occurred to address implementation and construction issues identified during the SPH 
system startup and operation. 

3.6.1 Piezometer Temperature Monitoring Point 

Each vacuum piezometer had a co-located temperature monitoring point (TMP) tube 
installed to 18 m (59 ft) bgs. The design called for installation of a thermocouple (TC) in each 
tube to monitor for potential steam migration as well as to measure temperatures from 1.5 to 18 m 
(5 to 59 ft) bgs. During system construction, the l/g-in. TC would not slide more than 3 m (10 ft) 
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down the’ 3/8-in. Teflon tubing. The 3/8-in. tubing was potentially crushed during piezometer 
installation. Attempts were then made to install X-in. Teflon tubing inside the deep vacuum 
piezometer for temperature monitoring without interfering with VR. The %-in. tubing would not 
allow the TC to pass more than 6 m (20 ft) down the piezometer. A group of three TCs were then 
pulled to the bottom of the %-in. tubing for permanent placement. Each TC was located at 1.5, 5 
and 11 m (5, 16 and 36 ft) bgs and installed in piezometers VP-3, VP-5, VP-g, VP-lo, VP-11, 
and VP-13. T’his arrangement allowed for monitoring of steam migration around the perimeter of 
the treatment area at piezometers VP-9 and VP-1 1. Piezometer locations VP-3 and VP-5 
provided additional temperature information inside the treatment area, and piezometer VP-13 was 
used as a downgradient (north) monitoring location. 

3.6.2 Sequential Heating of Electrode Intervals 

Another deviation identified was the sequential heating of the electrode intervals in a 
downward pattern. The operations and maintenance plan originally called for heating the 
treatment cell starting at the top and progressing downward as the vapor stream concentration 
began decreasing within the online interval. The heating pattern would then skip the electrode 
interval at the bottom of the RGA and proceed to heat the deepest electrode interval (upper 
McNairy) next to create a thermal barrier or “hot floor” to prevent potential migration of DNAPL 
downward. Once the thermal barrier reached the boiling point of TCE at depth the electrode 
interval above it would be energized to volatize any DNAPL at the bottom of the RGA. This 
heating pattern was designed to quantify the amount of TCE contamination within each of the 
electrode depth zones while also allowing the creation of a “hot floor” below the RGA. Upon 
energizing the electrodes and monitoring the heating pattern versus depth, it became apparent that 
all electrode intervals were heating simultaneously. The layers of bentonite and sand that had 
been installed to separate and isolate each of the six depth intervals were potentially compromised 
by the weight of the steel shot in the electrode column. The lack of interval isolation resulted in a 
single electrode instead of six independent electrode elements inside each borehole. The only 
course of action to mitigate the problem was to place all electrode power supply cables on line 
and heat the entire depth of the treatment area as one unit. 

3.6.3 Elevated Vinyl Chloride Levels 

When the vapor recovery vacuum blowers were energized during startup testing, the 
photoacoustic analyzer detected levels of VC that were higher than anticipated. The analyzer was 
initially set at a VC alarm limit of 0.5 ppmv, yet upon startup, the discharge vapor stream reached 
as high as 20 ppmv VC. An agreement was reached with the Kentucky Division for Air Quality 
to adjust the VC release limit to an hourly average not to exceed 20 ppmv in accordance with site 
modeling. This action permitted the system to be operated within state regulatory guidelines. 
The VC concentration in the vapor stream diminished after the first month of operations. There 
were no exceedances of any hourly average set points throughout operations. A thermal 
oxidization unit would be better suited to remove VC if elevated levels occur during full-scale 
operations. 

The elevated VC levels were not a result of the treatability study. Rather, anaerobic 
dechlorination produced the VC in the years before the treatability study began. Start-up of the 
treatability study vapor recovery system extracted the existing VC and brought it to the surface 
for detection. 
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4. RESULTS AND DISCUSSION 

4.1 DATA ANALYSIS AND INTERPRETATION 

4.1.1 Analysis of Waste Stream Characteristics 

TCE concentrations were measured daily at the influent of the primary GAC vessel using 
a photoacoustic analyzer. The vapor waste stream velocity was also measured daily using a hand- 
held flow meter, The resulting measurements were then used to calculate the approximate TCE 
loading for each GAC vessel. The following formula and assumption was used to calculate that 
an estimated 22,856 lbs of TCE were removed from the vapor waste stream during SPH 
operations. 

Formula: TCE (lbs/day) = (velocity x pipe cross-sectional area) x (TCE concentration/l 86) 
x 0.0898 

Assumption: TCE and velocity were measured once per weekday using the photoacoustic 
analyzer with the rate of loading per day applied to each GAC vessel until the 
next sample was taken (i.e., Saturday and Sunday). 

Air samples were also collected weekly from the influent of the primary GAC using 
summa canisters. The summa canisters were configured to collect a 24-hour integrated sample. 
The air samples were sent offsite for laboratory analysis using analytical method TO-14A. The 
TCE measurement results obtained from the photoacoustic analyzer compared to summa canister 
results are presented in Figure 2.1. 

4.1.2 Analysis of Treatability Study Data 

4.1.2.1 Subsurface Temperature Data 

The ability to heat the subsurface and maintain temperatures that resulted in volatilization 
of TCE was an important operational parameter of the SPH treatability study. The SPH system 
achieved and maintained the target temperature at depth, which is the boiling point of water, 
throughout the majority of the treatment area, as illustrated in Figures 4.1 and 4.2. The SPH 
system increased the subsurface temperatures from (18OC) to boiling at the 4.5 to 23 m (15 to 75 
ft) bgs interval over a period of approximately 30 days. The target temperature at depth was 
maintained ti-om 4.5 to 23 m (15 to 75 ft) bgs for 120 days, not including extended shutdown 
periods. As expected, the 1.5 to 4.5 m (5 to 15 ft) bgs interval was heated to a lower temperature 
due to the influence of ambient air being drawn into the subsurface by the VR system. 

The 26 m (85 ft) bgs interval was not consistently heated to its target temperature of 
121°C although the temperature was consistently above the boiling point of pure TCE at 93OC. 
The 26 m (85 ft) bgs interval temperature decreased rapidly, by as much as 3O”C, when active 
heating was discontinued for a period greater. than 5 hours. The influence of rapid moving 
groundwater in the RGA was most evident in the 26 m (85 ft) bgs interval. The heat loss 
influenced by groundwater flow can be seen at the 26 m (85 ft) bgs TMP interval at MW405 and 
MW408, as illustrated in Figures 4.3 and 4.4. In the early stages of subsurface heating, the 26 m 
(85 ft) and 29 m (95 ft) bgs intervals increased in temperature faster than the intervals above 



them. However, the rapid temperature increases began to diminish around March 25, 2003. The 
two deepest electrode intervals 23 to 29 m (75 to 95 ft) bgs probably lost most or all of their 
electrical connection to the surface and were therefore not able to deliver sufficient power to the 
deep RGA to actively boil groundwater in the interval. This assumption is based on the decrease 
in heating response and the lack of response to power application rates over the remainder of the 
project at the 29 m (95 ft) bgs interval. The 26 m (85 ft) bgs interval may have been close enough 
to the electrode interval above to receive some conductive heating, but it did not sustain the high 
temperatures that were achieved in the shallower intervals that showed a rapid increase in 
temperature. The temperature deficiency at 26 m (85 ft) and 29 m (95 ft) is believed to be the 
result of mal-functioning electrodes because the two deep RGA intervals were heating faster than 
the intervals above until February 28,2003. 

Initial, average heated, and maximum observed temperatures for MW406 and MW407 
are depicted in Figures 4.5 and 4.6, respectively. Throughout most of the remediation the 
temperature at the bottom of the RGA did not exceed the boiling point of TCE in contact with 
water. However, the maximum observed temperature (recorded in July) exceeded the TCE 
boiling temperature throughout the RGA. 

! 4-2 yl 















4.1.2.2 Groundwater Sampling Inside the Treatment Area (MW406 and MW407) 

Groundwater sampling of the four multi-port monitoring wells was conducted at pre- 
heating, 60 percent completion, 87 percent completion, post-treatment, two-week post treatment 
and four-week post treatment. The groundwater contaminant removal efficiency criterion for the 
treatment area was a reduction in TCE to less than 1 percent of its solubility limit in water (1 
percent is approximately 11,000 ppb). Treatment area groundwater contaminant concentrations 
are listed in Table 4.1 and are illustrated in Figure 1.1. The sample ports within the treatment area 
(MW406 and MW407) area ranged from a 98.3 percent to 99.9 percent reduction in TCE 
concentration and also met the removal efficiency criteria of less than lpercent solubility limit of 
TCE goal for the project. A graph depicting groundwater sampling results for MW406 is located 
in Figure 4.5. A graph depicting groundwater sampling results for MW407 is located in Figure 
4.6. 

Each of the four multi-port monitoring wells contains seven independent sampling ports. 
The shallowest port located in the lower UCRS 11 m (36 ft) bgs never yielded groundwater. Five 
ports were located in the RGA formation 20 to 27 m (66 to 89 ft) bgs, and the deepest port was 
located in the McNairy formation at 32 m (105 ft) bgs. 

Additional groundwater sampling events were performed after the post treatment 
groundwater sampling event to assess and quantify the amount of contaminant rebound. The 
two-week post treatment groundwater sampling event was initiated on September 22,2003. The 
four-week post treatment groundwater sampling event began on October 7, 2003. The sample 
results from the two post treatment events are included in Table 4.1. The original post treatment 
sampling event yielded a reduction of 99.1 percent in TCE concentration. The two-week post 
treatment sampling event shows 99.2 percent reduction, and the four-week post treatment 
sampling event shows a 99.0 percent TCE reduction. The maximum concentration found in the 
latest sampling events is 10,090 ppb, which remains below the target of 11,000 ppb. 



Table 4.1. RGA Groundwater TCE Sample Results from MWs 406 and 407 

Depth 
Monitoring Interval Baseline 60% 87% Post TCE 

Two- Four- 
Removal Week Post Week Post 
Criteria Remediation Treatment Treatment 

Well 

MM’406 

Mw407 

(ft bgs) (ppb) (ppb) (ppb) (ppb) Reduction (ppb) Goal Met? (ppb) (ppb) 
36-38 No Sample No Sample No Sample No Sample No Sample 11,000 No Sample No Sample No Sample 
60-62 810,000 8,600 10,500 5,880 99.3% 11,000 Yes 6,850 7,080 
66-68 730,000 25,200 9,360 6,680 99.1% 11,000 Yes 9,440 10,090 
72-74 520,000 42,800 17,500 9,650 98.1% 11,000 Yes 7,890 9,430 
80-82 520,000 41,700 18,400 10,100 98.1% 11,000 Yes 8,110 8,810 
86-88 540,000 41,000 20,000 8,590 98.4% 11,000 Yes 6,250 7,960 

106-108 630,000 1,330 770 1,170 99.8% * * 2,590 1,500 

36-38 No Sample No Sample No Sample No Sample No Sample 11,000 No Sample No Sample No Sample 
60-62 340,000 4,040 3,400 2,080 99.4% 11,000 Yes 980 5,120 
66-68 290,000 5,100 4,900 3,040 99.0% 11,000 Yes 3,585 4,170 
72-74 960,000 11,300 7,830 6,290 99.3% 11,000 Yes 5,070 3,625 
80-82 830,000 11,600 3,420 5,310 99.4% 11,000 Yes 4,835 5,265 
86-88 910,000 14,200 5,550 6,320 99.3% 11,000 Yes 4,690 5,780 

106-108 980,000 2,500 500 570 99.9% * * 1725 4005 

*This interval is located outside the treatment area. There were no removal criteria for groundwater outside the treatment area. 

NOTE: Data described in this report as baseline and 60 percent are final analytical results. Data described as 87 percent, post, two-week post 
treatment and four-week post treatment are preliminary results. 







4.1.2.3 Groundwater Concentrations Outside the Treatment Area (MW405 and MW408) 

During the treatability study, groundwater TCE contamination outside of the treatment 
area was monitored at the same frequency as the groundwater inside the treatment area. The 
region outside the treatment area had levels of TCE contamination similar to those inside the 
treatment area during the baseline sampling event. Groundwater sample results from outside the 
treatment area are summarized in Table 4.2. No removal efficiency criteria were established for 
groundwater sample analysis outside of the treatment area although the surrounding data could be 
used to confirm contamination was removed from the treatment area instead of moving out of the 
treatment area. 

The radial migration of heated water had a significant temperature impact on 
groundwater sample ports from 20 to 23 m (66 to 75 ft) bgs at MW405 and MW408. The 
temperature at these depth intervals was increased to near the boiling point of water toward the 
conclusion of active heating (Figure 4.3 and 4.4). The heated water was removed from the 
treatment area by groundwater flow. The resulting impact on TCE concentration was a reduction 
in TCE concentrations from baseline, except one, which remained relatively unchanged. 

During the 87 percent completion and post-heating groundwater sample events, DNAPL 
was removed through the sample port in the 31 to 32 m (102 to 105 ft) bgs of MW408. There 
was little temperature influence at MW408, which indicates the absence of a driving force to 
move DNAPL out of the treatment area and into the vicinity of MW408. The thermocouple 
installed at the 32 m (105 ft) bgs interval did not function properly after installation, but the 
interval above 29 m (95 ft) bgs only increased 10°C above the normal ambient temperature. The 
subsurface temperatures at MW408 (Figure 4.4) are similar to subsurface temperatures recorded 
in MW405 (Figure 4.3). The TCE concentrations in the RGA and McNairy formation were near 
the solubility limit at baseline and indicated that DNAPL was most likely present around MW408 
before the treatability study began, as shown in Table 4.2. During well.installation of MW408 the 
thin confining layer that established the RGAIMcNairy formation interface was not identified 
during drilling of MW408. The absence of a confining layer in this location could allow DNAPL 
to flow into the McNairy formation from the RGA above. 

4.1.2.4 Soil Sampling 

The soil removal efficiency criterion for the treatability study was a 75 percent reduction 
of TCE concentration in the unsaturated area of the UCRS. Soil sampling was conducted during 
the subsurface installation phase of the treatability study to quantify the levels of TCE 
contamination located in the unsaturated area prior to remediation. Soil samples were collected at 
each of the piezometer locations inside the treatment area (VP-l through VP-8) and the three 
piezometer locations surrounding the treatment area (VP-9 through VP-11). Samples were 
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Table 4.2 RGA Groundwater TCE Sample Results from Outside the Treatment Area* 

Depth Interval Baseline 60% Post 

There were no removal crlterla tor groundwater outside the treatment area. 

NOTE: Data described in this report as baseline and 60 percent are final analytical results. Data described as 87 percent and Post are 
preliminary results. 



collected in 2-ft intervals from ground surface to the top of the RGA. The results of the baseline 
sampling event are summarized in Table 4.3. 

Preliminary post treatment soil sample results are also included in Table 4.4. A 
comparison of these sample data indicate that the TCE concentrations in soil were reduced from 
an average of 124,459 ppb to an average of 2,485 ppb, which is a 98 percent decrease. This is 
significantly higher than the target reduction of 75 percent that was established prior to the 
Treatability Study as the soil removal efficiency criterion. 

4.1.3 Comparison To Primary Test Objective 

The primary objective of the treatability study as described in the Treatability Study Work 
Plan for Six-Phase Heating, Groundwater Operable Unit, at Paducah Gaseous D@usion Plant, 
Paducah, Kentucky Treatability (DOE 2OOla) was to demonstrate the implementability of the SPH 
technology for the unsaturated and saturated areas of the UCRS and for the groundwater of the 
RGA. A successful implementation would heat the soils and groundwater in both the UCRS and 
RGA to a temperature that allows steam and vapors containing the TCE to rise and be moved by 
the VR wells are treated by the vapor treatment system. 

Removal efficiency criteria were outlined in the Six-Phase Heating Technology 
Assessment (GE0 2003). The criteria for evaluating the success of the SPH treatability study are 
the assessment of removal efficiency using co-located soil and groundwater sampling. The 
criteria for success included a greater than 75 percent reduction of TCE soil concentrations in the 
UCRS and a reduction of TCE groundwater concentrations to less than 1 percent solubility 
(11,000 ppb) in the RGA. 

The removal efficiency of TCE in the UCRS can be assessed by a comparison of baseline 
soil sampling results to post treatment soil sampling results. Preliminary post treatment soil 
sample results indicate that this goal was achieved based on comparison of the data that indicates 
an average reduction in soil of 98 percent 

The removal efficiency of TCE in the groundwater of the RGA can be assessed by a 
comparison of baseline groundwater sampling results to post treatment groundwater sampling 
results. Post treatment groundwater sample results indicate that this goal was achieved based on 
comparison of the data that indicates an average reduction in groundwater of 99.1 percent at the 
end of active heating, 99.2 percent at two-week post treatment, and 99.0 percent at four-week 
post treatment. 
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4.2 Quality Assurance/Quality Control 

The measures required to verify the quality of work performed and compliance with the 
specified project requirements include successful completion of internal field reviews; the 
inspection of materials, equipment and workmanship before and during the performance of each 
task comprising the SPH system installation effort; and the resolution of all reported deficiencies 
and nonconformance issues. 

4.3 COSTS/ SCHEDULE FOR PERFORMING THE TREATABILITY STUDY 

The estimated cost for performing the SPH treatability study was $6.3 million. 
Construction of the SPH system began in June, 2002 and was completed in January, 2003. 
Operations began in February, 2003 and ended in September, 2003. This included the 45 day 
extension for heating. 
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APPENDIX A 

GROUNDWATER DATA COMPARISON FOR NON-VOLATILE 
PARAMETERS 



DATA COMPARISON FOR NON-VOLATILES PARAMETERS 

During the planning phases of the SPH treatability study as described in the Treatability 
Study Work Plan for Six-Phase Heating, Groundwater Operable Unit, at Paducah Gaseous 
Diffusion Plant, Paducah, Kentucky (DOE 2OOla), it was determined that non-volatile analytical 
parameters would be evaluated upon Post Treatment of the treatability study, In order to assess any 
impacts that the implementation of the study would have on other contaminants in the groundwater, 
samples were collected during the baseline groundwater sampling event and the post treatment 
groundwater sampling event for radionuclides, metals, other non-volatile indicator parameters. 

Tables A.1 through A.24 below present sample results from the baseline and the post 
groundwater sampling events. Samples were collected at the four monitoring wells for Ports 2 
through 7, with the exception of MW408 Port 7 during the post treatment event. Technetium-99 
(99Tc’ was the radionuclide present in most samples for all four wells. Results were inconsistent 
from the baseline and the post treatment event; however, no particular pattern resulted. Table 
A.25 shows the results and the percent difference from the baseline to the post treatment values. 
Thorium-230 (Th230) was identified in the post treatment samples for MW407 Ports 3,6, 7. Thz3’ 
was not detected in any baseline samples or any other post-treatment wells. Uranium-238 (U238) 
was identified in post treatment samples for MW406 Ports 6 and 7, MW405 Port 7, and MW408 
Port 6. U238 was not detected.in any baseline samples or any other post-treatment wells. Data 
described as 100 percent are preliminary results. 

Table A.1 MW405 Port 2 Radiological Data Comparison from Baseline to Post Treatment. 

Location Depth Analysis 1 Baseline 1 Post Treatment 1 
MW405 Port 2 
MWAM Pm-t 3 

* 

60-62 ft 
fin-63 f-i 

- 

Activity of U-235 
Alnha mtivitv 

(pa/L) 

15.3 

(pa/L) 

yIw405 Port 2 
dW405 Port 2 

60-62 ft 
60-62 ft 

vIw405 Port 2 
vIw405 Port 2 

60-62 ft 
60-62 fi 

MW405 Port 2 
MW405 Port 2 

60-62 fi 
60-62 fi 

Uranium-234 
Uranium-23 8 

258 NA 

NA - Not Analyzed 
ND - Not Detected 

A-3 

b 0 



Table A.2 MW405 Port 3 Radiological Data Comparison from Baseline to Post Treatment. 

Location 

MW405 Port 3 
MW405 Port 3 

Depth 

66-68 ft 

Analysis 

Alpha activity 

Baseline Post Treatment 
(pCi/L) (pCi/L) 

14 

t 
66-68 ft Americium-241 

MW405 Port 3 ( 66-68 ft Beta activity 34.2 106 
MW405 Port 3 1 66-68 ft Cesium-137 t 

MW405 Port 3 66-68 ft Cobalt-60 
MW405 Port 3 66-68 ft Neptunium-237 
MW405 Port 3 66-68 ft Pu-23 91240 
MW405 Port 3 66-68 ft Technetium-99 42.2 139 
MW405 Port 3 66-68 fl Thorium-230 
MW405 Port 3 66-68 ft Uranium-234 NA 
MW405 Port 3 66-68 ft Uranium-23 8 

Table A.3 MW405 Port 4 Radiological Data Comparison from Baseline to Post Treatment. 

1 Location I Depth I Analysis Baseline Post Treatment 

1 MW405 Port 4 72-74 ft 1 Pu-239/240 
MW405 Port 4 1 72-74 ft 1 Technetium-99 [ 35.8 154 
MW405 Port 4 1 72-74 ft 1 Thorium-230 I 
MW405 Port 4 
MW405 Port 4 

72-74 ft 
72-74 fl 

Uranium-234 
Uranium-23 8 

NA 
NA 

NA - Not Analyzed 
ND - Not Detected 

A-4 

61’ 



Table A.4 MW405 Port 5 Radiological Data Comparison from Baseline to Post Treatment. 

Location Depth Analysis 1 Baseline 1 Post Treatment 1 
(pCi/L) 1 (pCi/L) 

MW405 Port 5 1 80-82 ft 1 Aloha activitv 1 7.26 1 

--- .-- - --- - I -- ---- - --_- -_-- -- - . I - .-- I _ .- 

MW405 Port 5 1 80-82 ft 1 Uranium-23 8 NA 

Table A.5 MW405 Port 6 Radiological Data Comparison from Baseline to Post Treatment. 

Location Depth Analysis Baseline Post Treatment 
(pCvL) (pCi/L) 

_ .- - .- 
MW405 Port 6 86-88 ft Neptunium-237 
MW405 Port 6 86-88 ft Potassium-40 248 NA 
MW405 Port 6 86-88 ft Pu-2391240 ND 
MW405 Port 6 86-88 A Technetium-99 I 931 --._ I 147 - ., 

MW405 Port 6 86-88 ft Thorium-230 I NTI - .- I Nn - .- 
MW405 Port 6 86-88 ft Uranium-234 NA 

1 MW405 Port 6 1 86-88 ft I Uranium-23 8 1 NA I 

NA - Not Analyzed 
ND - Not Detected 

A-5 

62- 



Table A.6 MW405 Port 7 Radiological Data Comparison from Baseline to Post Treatment. 

1 Location Analysis 1 Baseline Post Treatment 

MW405 Port 7 
MW405 Port 7 
MW405 Port 7 
MW405 Port 7 

106-108ft 
106-108ft 
106-108ft 
106-108ft 

Technetium-99 
Thorium-230 
Uranium-234 
Uranium-23 8 

50.7 152 

NA 
NA 0.985 

Table A.7 MW406 Port 2 Radiological Data Comparison from Baseline to Post Treatment. 

Location Depth Analysis 1 Baseline I Post Treatment 

MW406 Port 2 

- 
I 

- 

60- 
(pCi/L) 1 (pCi/L) 

62 fi 1 Activitv of U-235 Nn Nn 
MW406 Port 2 1 60-62 ft 1 Alpha activity I _ .- ! - .- 
MW406 Port 2 1 60-62 ft 1 Americium-241 I 
MW406 Port 2 2 1 

1 I 60-62 
-- 

ft 
---- 

I Reta activitv --_- --__.__ 1 22.5 I 44.5 
MW406 Port - , 60-62 ft I Cesium-137 I ---~-~~- ~- I 

I MW406 Port 2 I 60-62 ft I Cobalt-60 INDI ND 
1 MW406 Port 2 I 60-62 ft 
t MW406 Port 2 1 60-62 ft I Pu-2391. 

MW406 Port 2 
vIW406 Port 2 LT 

60-62 ft T 
60-62 ft T 

[ MW406 Port 2 1 60-62 ft 1 Uranium-234 NA 
1 MW406 Port 2 1 60-62 ft 1 Uranium-23 8 NA 

NA - Not Analyzed 
ND - Not Detected 

A-6 
63 



Table A.8 MW406 Port 3 Radiological Data Comparison from Baseline to Post Treatment. 

Location 

MW406 Port 3 
E 

Depth 

66-68 ft 

Analysis 

Alpha activity 

Baseline Post Treatment 
(pCi/L) (pCi/L) 

ND 
~lW406 Port 3 66-68 ft Americium-24 1 ND 
MW406 Port 3 66-68 ft Beta activity 14.8 47.4 
MW406 Port 3 66-68 ft Cesium-137 
MW406 Port 3 66-68 fi Cobalt-60 ND 
MW406 Port 3 66-68 ft Neptunium-23 7 
MW406 Port 3 66-68 fi Pu-239/240 
MW406 Port 3 66-68 fl Technetium-99 17.5 46.9 
MW406 Port 3 66-68 ft Thorium-230 
MW406 Port 3 66-68 fi Uranium-234 NA 
MW406 Port 3 66-68 ft Uranium-23 8 NA 

Table A.9 MW406 Port 4 Radiological Data Comparison from Baseline to Post Treatment. 

Location Depth 

MW406 Port 4 72-74 fi 
MW406 Port 4 72-74 ft 
MW406 Port 4 72-74 fi 

Analysis 

Alpha activity 
Americium-24 1 
Beta activitv 

Baseline Post Treatment 
(pCi/L) (pa/L) 

52.2 
MW406 Port 4 72-74 fi Cesium-137 ND 
MW406 Port 4 72-74 ft Cobalt-60 
MW406 Port 4 72-74 ft Neptunium-23 7 
MW406 Port 4 1 72-74 ft 1 Pu-239/240 ND 1 ND 
MW406 Port 4 I 72-74 ft 1 Technetium-99 ND 44.2 
MW406 Port 4 72-74 ft Thorium-230 
MW406 Port 4 72-74 ft Uranium-234 NA 
MW406 Port 4 72-74 fl Uranium-238 NA 

NA - Not Analyzed 
ND - Not Detected 

A-7 

69 



Table A.10 MW406 Port 5 Radiological Data Comparison from Baseline to Post Treatment. 

I Location 
I Depth I Analysis Baseline Post Treatment 

I 
-_-. 

(pCi/L) (pCi/L) 
MW406 Port 5 1 80-82 fi I Alpha activity 
MW406 Port 5 80-82 ft Americium-241 ND 
MW406 Port 5 80-82 ft Beta activity 18.4 54.6 
MW406 Port 5 80-82 ft Cesium-137 
MW406 Port 5 80-82 ft Cobalt-60 
MW406 Port 5 80-82 ft Neptunium-237 
MW406 Port 5 80-82 ft Pu-23 91240 
MW406 Port 5 80-82 ft Technetium-99 17.2 51.3 
MW406 Port 5 80-82 ft Thorium-230 
MW406 Port 5 80-82 ft Uranium-234 NA 
MW406 Port 5 80-82 fl Uranium-23 8 NA 

Table A.11 MW406 Port 6 Radiological Data Comparison from Baseline to Post Treatment. 

Location Depth 

MW406 Port 6 86-88 ft 
MW406 Port 6 86-88 ft 
MW406 Port 6 86-88 ft 
MW406 Port 6 86-88 fi 
MW406 Port 6 86-88 ft 
MW406 Port 6 86-88 f-t 

Analysis 

Alpha activity 
Americium-241 
Beta activity 
Cesium-137 
Cobalt-60 
Nentunium-237 

Baseline Post Treatment 
(pCi/L) (pCi/L) 

19.3 63.5 

MW406 Port 6 86-88 ft Pu-239/240 
MW406 Port 6 86-88 ft Technetium-99 22.5 71.2 
MW406 Port 6 86-88 ft Thorium-230 
MW406 Port 6 86-88 ft Uranium-234 NA 
MW406 Port 6 86-88 ft Uranium-23 8 NA 0.76 

NA - Not Analyzed 
ND - Not Detected 

A-8 

l-95 



Table A.12 MW406 Port 7 Radiological Data Comparison from Baseline to Post Treatment. 

I Location Depth Analysis I Baseline I Post Treatment 1 

MW406 Port 7 
MW406 Port 7 
MW406 Port 7 
MW406 Port 7 
MW406 Port 7 
MW406 Port 7 
MW406 Port 7 
MW406 Port 7 
MW406 Port 7 
MW406 Port 7 
MW406 Port 7 

(pa/L) (pa/L) 

106-108ft Alpha activity 
106-108ft Americium-24 1 
106-108fi Beta activity 
106-108R Cesium-137 
106-108ft Cobalt-60 
106-108fi Neptunium-237 
106-108ft Pu-23 g/240 
106-108ft Technetium-99 
106-108fi Thorium-230 
106-108ft Uranium-234 
106-108fi Uranium-238 NA 0.89 

Table A.13 MW407 Port 2 Radiological Data Comparison from Baseline to Post Treatment. 

Location Depth Analysis Baseline Post Treatment 
/-n1m \ \PLl/L) (pCifL) 

MW407 Port 2 60-62 ft Activitv of U-235 
MW407PoIt2 I 60-62 ft I Alpha activity 2.55 

MW407 Port 2 
MW407 Port 2 
MW407 Port 2 
MW407 Port 2 
MW407 Port 2 
MW407 Port 2 
MW407 Port 2 
MW407 Port 2 

NA - Not Analyzed A-9 
ND - Not Detected 643 

60-62 ft 
60-62 fl 
60-62 f-l 
60-62 ft 
60-62 fi 
60-62 fi 
60-62 fi 
60-62 fi 
60-62 fi 
60-62 ft 

Americium-24 1 
Beta activity 
Cesium-137 
Cobalt-60 
Neptunium-237 
Pu-2391240 
Technetium-99 
Thorium-230 
Uranium-234 
Uranium-238 

13.4 18 

30.8 

NA 
NA ND 



Table A.14 MW407 Port 3 Radiological Data Comparison from Baseline to Post Treatment. 

Baseline Post Treatment 

MW407 Port 3 66-68 ft Thorium-230 ND 0.87 
MW407 Port 3 66-68 ft Uranium-234 NA 
MW407 Port 3 66-68 ft Uranium-23 8 NA 

Table A.15 MW407 Port 4 Radiological Data Comparison from Baseline to Post Treatment. 

Location Depth 

MW407 Port 4 72-74 ft 
MW407 Port 4 
MW407 Port 4 
MW407 Port 4 

72-74 fi 
72-74 ft 
72-74 ft 

Analysis 

Activity of U-235 
Alpha activity 
Americium-241 
Beta activity 
Cesium-137 

Baseline Post Treatment 
(pa/L) (pa/L) 

_- I . -- 

MW407 Port 4 72-74 ft --- ______ _- I 
MW407 Port 4 72-74 ft Cobalt-60 
MW407 Port 4 72-74 fi Nentunium-237 
h 1..7”, sv1*7 , ,I, .A. * .,. 1-s,- .” I - .- I AWAfil Pa-t A 1 73-74 ft I PlL319/3An I ND I 

MW407 Port 4 1 72-74 ft I Technetium-99 I 34.4 I 23.5 
MW407 Port 4 1 72-74 fi Thorium-230 
MW407 Port 4 ( 72-74 ft Uranium-234 NA 
n Uranium-238 NA /Iw407 Port 4 I 72-74 ft 

NA - Not Analyzed 
ND - Not Detected 

A-10 

G7 



Table A.16 MW407 Port 5 Radiological Data Comparison from Baseline to Post Treatment. 

Location 

MW407 Port 5 
MW407 Port 5 
MW407 Port 5 
MW407 Port 5 

Depth - 

80-82 ft 
80-82 ft 
80-82 fi 
80-82 fi 

Analysis 

Activity of U-235 
Alpha activity 
Americium-24 1 
Beta activity 

1 Baseline 1 Post Treatment 
(pCi/L) (pa/L) 

25.7 20.5 
MW407 Port 5 1 80-82 ft I Cesium-137 
MW407 Port 5 I 80-82 ft I Cobalt-60 

Neptunium-237 
Pu-2391240 
Technetium-99 
Thorium-230 

34 MW407 Port 5 1 80-82 II 1 Uranium-21 
MW407 Port 5 1 80-82 fi I Uranium-23 8 

Table A.17 MW407 Port 6 Radiological Data Comparison from Baseline to Post Treatment. 

Location Depth Analysis 1 Baseline I Post Treatment 1 

MW407 Port 6 
MW407 Port 6 
MW407 Port 6 
MW407 Port 6 

86-88 fi 
86-88 Et 
86-88 ft 
86-88 ft 

Activity of U-235 
Alpha activity 
Americium-24 1 
Beta activity 

(pa/L) 

22 

(pan) 

ND 
ND 

21.3 
1 MW407 Port 6 1 86-88 ft I Cesium-137 ND I ND 

~IW407 Port 6 I 86-88 ft I Cobalt-60 I 
86-88 ft 
86-88 ft 
86-88 ft 
86-88 ft 

Neptunium-237 
Pu-2391240 
Technetium-99 
Thorium-230 

ND 
44.1 29.7 

0.925 
vIW407 Port 6 
vIW407 Port 6 

86-88 fi 
86-88 ft 

Uranium-234 
Uranium-23 8 

NA 
NA ND 

NA - Not Analyzed 
ND - Not Detected 

A-11 

la8 



L 

Table A.18 MW407 Port 7 Radiological Data Comparison from Baseline to Post Treatment. 

Location 

4w407 Port 7 h 
MW407 Port 7 
MW407 Port 7 
MW407 Port 7 
MW407 Port 7 
MW407 Port 7 

Depth 

106-108ft 
106-108ft 
106-108ft 
106-108ft 
106-108ft 
106-108fI 

Analysis 

Activity of U-235 
Aluha activitv 
Americium-24 1 
Beta activity 
Cesium-137 
Cobalt-60 

Baseline Post Treatment 
(pCi/L) (pa&) 

25.2 8.96 

MW407 Port 7 I 106-108ft I Neptunium-237 
MW407 Port 7 106-108fi I Pu-239/240 

106-l 08fi I Technetium-99 40.2 
106-108ft I Thorium-230 2.84 

Uranium-234 NA 
Uranium-23 8 NA 

Table A.19 MW408 Port 2 Radiological Data Comparison from Baseline to Post Treatment. 

Location Depth Analysis 

MW408 Port 2 60-62 ft Activitv of U-235 

Baseline Post Treatment 
(pCi/L) (pC2-L) 

MW408 Port 2 1 60-62 ft I Alpha activity ND 
MW408 Port 2 60-62 ft 1 Americium-241 
MW408 Port 2 60-62 fi I Reta activitv - --- ----. -- I 

I 
24 I 

I 
762 . -.- 

MW408 Port 2 60-62 ft I Cesium-I 37 I _ __-_.--- -_ I TG - .- I I Nl3 - .- 
MW408 Port 2 60-62 ft 1 Cobalt-60 

I MW408 Port 2 I 60-62 ft I Nentunium-237 INDI ND I 
I 

MW408 Port 2 60-62 ft Pu-2391240 
MW408 Port 2 60-62 ft Technetium-99 48.9 111 
MW408 Port 2 60-62 f3 Thorium-230 ND 
MW408 Port 2 60-62 ft Uranium-234 NA 

1 MW408 Port 2 1 60-62 ft I Uranium-23 8 NA 

NA - Not Analyzed 
ND - Not Detected 

A-12 

69 



Table A.20 MW408 Port 3 Radiological Data Comparison from Baseline to Post Treatment. 

Location Depth 

MW408 Port 3 66-68 fl 

Analysis 

Activitv of U-235 

Baseline Post Treatment 
(pCi/L) (pCiL) 

MW408 Port 3 66-68 ft Alpha activity 
MW408 Port 3 66-68 fi Americium-24 1 ND 
MW408 Port 3 66-68 ft Beta activity 20.5 64.3 
MW408 Port 3 66-68 ft Cesium-137 ND 
MW408 Port 3 1 66-68 fl 1 Cobalt-60 
MW408 Port 3 1 66-68 ft 1 Nentunium-237 ND 

t I Pu-2391240 I ND I MW408 Port 3 66-68 i 
MW408 Port 3 66-68 ft Technetium-99 41.4 109 
MW408 Port 3 66-68 ft Thorium-230 
MW408 Port 3 66-68 ft Uranium-234 NA f _ ._ _ I - .- 

I NA 1 MW408 Port 3 1 66-68 ft 1 Uranium-23 8 

Table A.21 MW408 Port 4 Radiological Data Comparison from Baseline to Post Treatment. 

) Baseline ) Post Treatment 
(pCi/L) I (pCi/L) 

1 24.1 Nn - .._ A,- 
MW408 Port 4 1 72-74 ft I Alpha activity ND 
MW408 Port 4 1 72-74 fi 1 Americium-24 1 

Location 

~ MW408 Port 4 

Depth 

72-74 ft 

Analysis 

Activity of U-235 

I I - .- 
4 I 

I 

MW408 Port 72-74 ft 1 Beta activitv 1 24.6 1 
MW408 Port 4 72-74 fi Cesium-137 1 
MW408 Port 4 72-74 fi Cobalt-60 I NTI - .- I I NTI A.- 
MW408 Port 4 72-74 fi Neptunium-237 Nl-l I NTI 

Pu-2391240 
Technetium-99 
Thorium-230 
Uranium-234 
Uranium-23 8 

a.- 
ND 
119 

~ 

ND 

Port 4 
Port 4 

EE Port 4 
Port 4 
Port 4 

72-74 
72-74 
72-74 
72-74 
72-74 

NA 
ND 

NA - Not Analyzed 
ND - Not Detected 

A-13 

-70 



Table A.22 MW408 Port 5 Radiological Data Comparison from Baseline to Post Treatment. 

1 Location I Depth 1 Analysis I ~~~~~ -1 Baseline Post Treatment 1 

MW408 Port 5 
MW408 Port 5 
MW408 Port 5 
MW408 Port 5 
rlW408 Port 5 

(pa&) (pa/L) 
80-82 fl Activity of U-235 ND ND 
80-82 ft Alpha activity 
80-82 ft Americium-24 1 ND 
80-82 ft Beta activity 23 77.7 
80-82 ft Cesium-137 

Port 5 EE Port 5 
Port 5 

80-82 
80-82 
80-82 
80-82 
80-82 

=I ft 
ft 
ft 4 ft 
ft 

Cobalt-60 
Neptunium-237 
Pu-239/240 
Technetium-99 
Thorium-230 

ND 
ND 
ND 

38.5 108 
ND 

MW408 Port 5 
MW408 Port 5 

80-82 ft 
80-82 ft 

Uranium-234 
Uranium-238 

NA ND 
NA 

Table A.23 MW408 Port 6 Radiological Data Comparison from Baseline to Post Treatment. 

Location Depth 1 Analysis I Baseline 1 Post Treatment 1 

MW408 Port 6 
MW408 Port 6 
MW408 Port 6 
MW408 Port 6 

86-88 ft 
86-88 ft 
86-88 ft 
86-88 ft 

Activity of U-235 
Alpha activity 
Americium-241 
Beta activitv 

(pa/L) 

25.3 

(pa/L) 

ND 
58.2 

1 MW408 Port 6 1 86-88 fi I Cesium-137 
Port 6 
Port 6 
Port 6 
Port 6 

86-88 ft 
86-88 ft c:- 86-88 ft 
86-88 ft 

1 MW408 Port6 1 86-88 ft I Thorium-230 I NC I 
MW408 Port 6 86-88 ft Uranium-234 NA 
MW408 Port 6 86-88 ft Uranium-23 8 NA 0.383 

NA - Not Analyzed A-14 
ND - Not Detected -J/ 



Table A.24 MW408 Port 7 Radiological Data Comparison from Baseline to Post Treatment. 

I Location 

1 

Depth 1 Analysis 

MW408 Port 7 
MW408 Port 7 
MW408 Port 7 

104-106 ft AC+:.&... r.CTT 9’1 

104-106 ft Alj 
104-l 06 ft Ar 

Baseline Post Treatment 
(pCi/L) (pCi/L) 

c XTA I ,tlYlLy “1 v-LJJ 

pha activity 
nericium-241 
ta activitv 

I.U 1*x-l 

NA 
NA 

21.5 NA 

1 NA 

Twhnetillm-QO 104-106 ft 
104-106 ft Th 

--1.-.A-.AA /_ 
I 

- .- - 

orium-230 NA NA 
MW408 Port 7 
MW408 Port 7 

Table A.25 Tcgg Data Comparison from Baseline to Post Treatment. 

I Location Depth Baseline 1 Post Treatment ( Percent 

-_ 

32-74ft 
--. - 

“ATT\ , 1 I 0 44.2 -- 
41.3 119 188% 
-75 52 154 330% 

1 MW406 Port 5 [ 

MW4uo rort 4 

MW408 Port 4 72-74 fi 
MW405 Port 4 72-74 ft .,.,.u 

80-82 fl 17.2 51.3 198% 
MW405 Port 5 80-82 A 54 4 153 
MW4ua rort 3 
_ --- ._- - 
1 elvv_^m- - I 

I -- ---_ 1 . . I 
I 

, ---,” 
rl\.-.n r 80-82 fi 38.5 108 , -^A^, 

MW407 Port 5 I 80-82 ft 30.5 28.5 -7% 1 
M W403 Port 6 86-88 ft 92.1 147 60% 

‘4f-s Pm4 6 I 86-88 ft 22.5 71.2 216% 
4v1 rvrt 0 86-88 ft 44.1 29.7 -33% 

MW408 Port 6 86-88 ft 25 75.6 202% 
nATXl/lAc D,...+ ? II\L 1Acl Al r/i -7 lC7 qnnn/ 

IUb-IUS It lY.3 NA -440% 
_- 4tJ/ Port 7 1 106-108 ft 40.2 NB 

) MW406 Port 7 
-100% 

1 106-108 ft 33.3 -100% 

I”1 ““‘TV-r lT”lL I 1 1vo-IV0 II 1 3u. I I l.JL I LVV70 

MW408 Port 7 ._.._A,. I I _^ 

Mw:--- - 

NA - Not Analyzed 
ND - Not Detected 

A-15 

72 



Tables A.26 through A.50 below identify inorganic sampling results from the baseline 
and post groundwater sampling events. The majority of results did not show a significant 
difference between the baseline and the post event. Analyses having more than a 300 percent 
increase are listed in Table A.50. Only three metals (magnesium, manganese, and barium) had 
results with more than 300 percent difference. This occurred in both unfiltered and filtered 
samples. In only one case, nitrate as nitrogen showed a 4280percent increase; however, the initial 
result was very low. Other samples for nitrate as nitrogen showed very little change. 

Table A.51 summarizes changes in groundwater-dissolved chlorides and other dissolved 
minerals. Previous SPH remediation sites have shown signs of accelerated degradation of TCE 
and other chlorinated solvents. Such degradation is reflected as an increase in dissolved chlorides. 
SPH remediation is a steam distillation process; removed of distilled water in the form of steam 
results in concentration of dissolved minerals in the remaining groundwater. For this reason, 
Table A.51 also tracks the changes in dissolved minerals other than chloride to provide some 
indication of the concentration effect. 

A comparison of data indicated that dissolved minerals (other than chloride) did not 
concentrate during the treatability study - the dissolved minerals became more dilute. 
Groundwater mixing or groundwater flow during the treatability study might explain why the 
dissolved minerals did not increase significantly during the treatability study; however, it is 
difficult to explain a decrease due to these effects. In contrast to the other dissolved minerals, 
chlorides did increase during the treatability study. This provides an indication that TCE 
degradation did increase during the treatability study. Chloride increases were observed in all 
wells - both inside and outside the treatment region. Chloride is a very mobile ion and would be 
expected to spread with groundwater flow and through diffusion - this could account for the 
chloride increases in all monitoring wells. In summary, data suggests that a significant amount of 
TCE degraded during the treatability study but it is not possible to quantify the mass of TCE that 
degraded. TCE degradation was probably a less important removal mechanism that vapor phase 
recovery during this treatability study. 

A-16 

-7 3 



Table A.26 MW405 Port 2 Inorganic Data Comparison from Baseline to Post Treatment. 

Location 
I 

Depth Analysis Baseline Post Treatment 
(PP 1 (PP 1 

60-62 fi Aluminum ND” NE MW405 Port2 
MW405 Port 2 
MW405 Port 2 

60-62 ft 1 Arsenic ND 
60-62 fi 1 Barium 0.081 0.284 

MW405 Port 2 
MW405 Port2 
MW405 Port2 
MW405 Port2 
MW405 Port2 
MW405 Port 2 
MW405 Port2 

60-62 fi Barium, Dissolved NA 0.287 
60-62 ft Calcium 37 32.2 
60-62 fi Calcium, Dissolved NA 33.7 
60-62 ft Chloride 19.7 75 
60-62 ft Chromium 
60-62 fi Fluoride ND 
60-62 fi Iron ND 

1 MW405 Port2 1 60-62 ft 1 Lead 1, ND I 
1 MW405 Port 2 1 60-62 f-l 1 Maenesium 4.49 I I 8.62 

L 

MW405 Port 2 60-62 fi Magnesium, Dissolved NA 8.61 
MW405 Port 2 60-62 fl Manganese 0.044 
MW405 Port 2 60-62 fi 1 Manganese, Dissolved I NA N-D 
MW405 Port2 60-62fi 1 Mercury ND .N-D 
MW405 Port2 1 60-62 ft 1 Nickel 
MW405 Port2 I 60-62 ft I Nitrate as Nitrogen I I 14.8 1 L 
MW405 Port 2 60-62 ft Potassium 28.8 3.56 
MW405 Port2 60-62 II Potassium, Dissolved NA 3.46 
MW405 Port2 60-62ft Selenium 

Port2 I 14.8 39.9 
Port 2 

_t 

Port 2 
Port 2 

i-l 
fi 

1 Port2 

60-62 
60-62 
60-62 
60-62 
60-62 

NA - Not Analyzed 
ND - Not Detected 

A-17 

-;i’id 



Table A.27 MW405 Port 3 Inorganic Data Comparison from Baseline to Post Treatment. 

I ~~ Location Depth ( Analysis 1 Baseline 1 Post Treatment 1 
(PP 1 (PP 1 

MW405 Port 3 66-68 ft Aluminum ND” ND” 
MW405 Port 3 66-68 ft Arsenic 
Mw405 Port 3 66-68 fi Barium 0.078 I 0.268 
MW405 Port 3 66-68 fi Barium. Dissolved 

Calciur;l 
I NA ! 0.28 

MW405 Port 3 66-68 ft ) 36.8 30 
MW405 Port 3 66-68 fi 1 Calcium, Dissolved 
MW405 Port 3 
My405 Port 3 

NA 32.5 1 
66-68 ft 1 Chloride 14 74.8 
6( 5-68 ft Chromium ND 

Y405Port3 1 66-68 ft Fluoride .-_^-- - I 
66-68 fi Iron Nn N-n I - .- I - .- 

58 ft 1 Lead _ 66-t 
- 66-68 ft Magnesium 4.83 7.88 

66-68 ft Magnesium, Dissolved NA 8.18 
0.109 ND - MW405 Port 3 66-68 ft Manganese 

MW405 Port 3 66-68 f-t Manganese, Dissolved NA 
MW405 Port 3 66-68 ft Mercurv Nn Nn , - .- 

1 
I 

I Nickel 
I * .- 

MW405 Port 3 66-68 ft ND - .- - .- 
66-68 ft Nitrate as Nitrogen 3.3 
66-68 ft Potassium 4.2 3.56 
66-68 ft Potassium, Dissolved NA 3.45 MW405 Port3 

MW405 Port 3 66-68 fi I Selenium 1 ND 
MW405 Port 3 66-68 ft 1 Sodium 25.2 19 

MW405 
MW405 

Port 
Port 
Port 
Port 

3 
3 3 3 
3 

66-68 
66-68 
66-68 
66-68 

NA - Not Analyzed 
ND - Not Detected 

ft I fl 
3 ft fi 

Sodium, Dissolved 
Sulfide 

NA I 

Uranium 
Vanadium 

A-18 

-75 



Table A.28 MW405 Port 4 Inorganic Data Comparison from Baseline to Post Treatment. 

1 Location Depth 1 Analysis 1 Baseline 1 Post Treatment 1 
(PP 1 (PP 1 

MW405 Port 4 72-74 ft Aluminum ND” ND” 
MW405 Port 4 72-74 ft Arsenic 

I I 
m - .- 

MW405 Port 4 72-74 ft I Barium 0.098 I 0.274 __-. . 
MW405 Port 4 72-74 ft 1 Barium, Dissolved NA 0.282 
MW405 Port 4 72-74 ft I Calcium I 42.5 1 30.9 I L 

MW405 Port 4 72-74 fi Calcium, Dissolved NA 33.7 
MW405 Port 4 72-74 ft Chloride 22.6 73.5 
MW405 Port 4 72-74 ft Chromium Nn 
MW405 Port 4 ~1 
MW405 Port 4 I 72-7 

72-74 fi 
‘4 fi ‘. 

MW405 Port 4 32-74 fi I Lead 
I 

MW405 Port 4 
Mw405 Port 4 72-74 ft Magr 
MW405 Port 4 72-74 i-l Manganese 0.047 
MW405 Port 4 72-74 ft Manganese. Dissolved NA Nn 

Fluoride 
Iron 

72-74 ft I Magnesium I 6.43 8.15 
resium, Dissolved NA 8.43 

1 _ ._- - .- 
72-74 ft Mercury 

Nickel 
72-74 ft Nitrate as Nitrogen 42.1 1.4 _ 

‘4 ft I Potassium I 3.16 1 3.54 I 

‘4 ft I Sulfide INDI ND I 

NA - Not Analyzed 
ND - Not Detected 

A-19 



Table A.29 MW405 Port 5 Inorganic Data Comparison from Baseline to Post Treatment. 

Baseline 1 Post Treatment1 Depth Analysis 1 
brn1 I (DDrnl I 

80-82 ft Aluminum 0 383 - .--- I 1 N-n -.- 
80-82 fi Aluminum. l3issolved ----, ------. -- / 

ND _ .- I 
NA - .-- 

80-82 ft Arsenic I I _ .- 
80-82 ft Barium 0.033 0.299 

Location 

MW405 Port 5 
MW405 Port 5 
MW405 Port 5 
MW405 Port 5 
MW405 Port 5 1 80-82 ft I Barium, Dissolved 0.037 0.287 
MW405 Port 5 I 80-82 ft I Calcium 35.5 I 38.1 i 
MW405 Port 5 80-82 ft Calcium, Dissolved 38.7 39.1 
MW405 Port 5 80-82 ft Chloride 20.9 73.1 
MW405 Port 5 80-82 ft Chromium 
MW405 Port 5 80-82 ft Fluoride 1.1 
MW405 Port 5 1 80-82 ft 1 Iron 
MW405 Port 5 I 80-82 ft I Lead 

1 MW405 Port 5 1 80-82 ft 1 Maw-:.- I 3 I 1n 7 I 

MW405 Port 5 80-82 ft 
MW405 Port 5 80-82 ft 
MW405 Port 5 80-82 ft 
MW405 Port 5 80-82 ft 

Magnesium, Dissolved 
Manganese 
Manganese, Dissolved 
Mercurv 

2.28 10.6 

NA 

1 MW405 Port 5 I 80-82 ft I Mercurv. Dissolved 1 ND 1 NA I 
MW405 Port 5 
MW405 Port 5 
MW405 Port 5 

MW405 Port 5 
MW405 Port 5 

80-82 ft Nickel I 
80-82 ft Nitrate as Nitrogen I 

! 
-k- 
PUJ ! 

r\% 
al.1 I 

80-82 ft Potassium I 
I 

3.88 -.-- I 
I 

3.44 -_. . I 

80-82 ft Potassium, Dissolved 
1 ^- 

j.YY 
-1 

3.3 
I 

I 
- - - - - - 

I 
80-82 ft 1 Selenium 

15PortS I 80-82 ft I Sodium MW4C----.- _. ---- ~~.~ 
MW405 Port 5 80-82 ft Sodium, Dissolved 
MW405 Port 5 80-82 ft Sulfide 
MW405 Port 5 80-82 ft 1 Trcmium ---------- 
MW405 Port 5 80-82 fi ’ Vanadium 

NA - Not Analyzed 
ND -Not Detected 

A-20 
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Table A.30 MW405 Port 6 Inorganic Data Comparison from Baseline to Post Treatment. 

1 Baseline I I 
(PP 1 
0.7: 

‘ost Treatment 
(PP 1 

ND” 

I Location 

MW405 Port 6 

I Depth ) Analysis 

86-88 fi Aluminum 
1 MW405 Port 6 I 86-88 ft I Aluminum. Dissolved-- OS 18 I NA 

MW405 Port 6 I 86-88 fi I Arsenic 
I ~~~.-----~.~~~I--_-__ 

-_ 
I 

--- -- 
I 

- .-- 

D 
MW405 Port 6 
MW405 Port 6 
MW405 Port 6 86-88 ft Calciu6 47.6 39 
MW405 Port 6 86-88 ft Calcium, Dissolved 50.6 37.2 
MW405 Port 6 86-88 fi Chloride 33 74.9 

86-88 fi 1 Barium 0.028 0.256 
86-88 ft I Barium. Dissolved 0.03 0.247 

I MW405 Port 6 I 86-88 ft I Chromium I- NlT I c I -- I 

MW405 Port 6 86-88 fi I Fluoride I ND I 
I 

MW405 Port 6 86-88 fi I Iron I ND I 
MW405 Port 6 86-88 fl Lead 
MW405 Port 6 86-88 fl Magnesium 1.38 10.6 
MW405 Port 6 86-88 fl [ Magnesium, Dissolved 1.59 10.4 
MW405 Port 6 1 86-88 fl 1 Manganese I 
MW405 Port 6 I 86-88 ft 1 Mercurv 
MW405 Port 6 
MW405 Port 6 
MW405 Port 6 

86-8E 
86-88 ft Mercury, Dissolved NA 

lft Nickel 
86-88 ft Nitrate as Nitrogen 1.8 

1 MW405 Port 6 1 86-88 fi I Potassium 5.55 I 3.09 
MW405 Port 6 1 86-88 ft I Potassium, Dissolved I- 5.65 2.94 
MW405 Port 6 I 86-88 fi I Selenium 

I 21.1 I 41.8 I MW405 Port 6 86-88 fi Sodium 
MW405 Port 6 86-88 fl Sodium, Dissolved 22.9 
MW405 Port 6 86-88 fl Sulfide 

39.6 

I MW405 Port 6 I 86-88 ft I Uranium 
MW405 Port 6 1 86-88 ft I Vanadium i 0.028 1 

NA - Not Analyzed A-21 
ND - Not Detected -;a g 

-_ 



Table A.31 MW405 Port 7 Inorganic Data Comparison from Baseline to Post Treatment. 

1 Location I Depth ( Analysis 1 Baseline 1 Post Treatment 
(PP 1 (PP ) 

MW405 Port 7 106-108 ft Aluminum 0.9: ND” 
MW405 Port 7 106-108 ft Aluminum, Dissolved 0.501 NA 

1 MW405 Port 7 1 106-108 ft I Arsenic I 0.009 
MW405 

MW405 

Port 

Port 

7 

7 

MW405 

MW405 

Port 

Port 

7 

7 

MW405 Port 7 

MW405 Port 

MW405 

7 

Port 7 
MW405 Port 7 

106-108 

106-108 

ft 

ft 

106-108 

106-108 

ft 

ft 

106-108 ft 

106-108 fi 

106-108 ft 
106-108 ft 

Arsenic, Dissolved 

Chloride 

Barium 

Chromium 

Barium, Dissolved 

Fluoride 

Calcium 
Calcium, Dissolved 

0.009 

NA 
33.8 
33 

0.581 

11.3 77.7 

NA 

ND 
1.2 

0.458 11.8 

MW405 Port 7 106-108 ft Iron 
MW405 Port 7 106-108 ft Iron, Dissolved 
MW405 Port 7 106-108 ft 1 Lead 
MW405 Port 7 106-108 ft 1 Magnesium 
MW405 Port 7 1 106-108 ft 1 Magnesium, Dissolved 0.446 12 I -- 

NA - Not Analyzed 
ND - Not Detected 

A-22 

-77 



Table A.32 MW406 Port 2 Inorganic Data Comparison from Baseline to Post Treatment. 

1 Location Depth 1 Analysis Baseline 1 Post Treatment 1 

1 MW406 Port 2 60-62 ft 1 Chloride 55.7 130.1 
MW406Port2 ( 60-62 ft ) Chromium 
MW406 Port 2 1 60-62 f-t 1 Fluoride I 
MW406 Port 2 60-62 fi 
MW406 Port 2 60-62 fi 
MW406 Port 2 60-62 ft 
MS’?406 Port 2 60-62 ft 

Iron 
Iron, Dissolved 
Lead 
Magnesium 

0.593 
NA 

12.7 14.7 
1 MW406 Port 2 1 60-62 ft 1 Magnesium, Dissolved 11.6 14.7 1 
I MW406 Port 2 I 60-62 ft I Manganese 1 0.361 / 0.469 1 

2 1 60-62 ft 

nganese, Dissolved 
rcury 

1 Mercury, Dissolved 
1 Nickel 

0.328 0.283 

NA 

MW406 Port 2 1 60-62 ft 1 Nitrate as Nitrogen 1 1.2 
MW406 Port 2 1 60-62 ft I Potassium 16.7 12.2 
MW406 Port 2 
MW406 Port 2 
MW406 Port 2 
MW406 Port 2 
MW406 Port 2 

60-62 ft Potassium, Dissolved 15.6 12.2 
60-62 fi Selenium ND 
60-62 ft Sodium 55.4 55.1 
60-62 A Sodium, Dissolved 53 59.9 
60-62 ft Sulfide 

L 

MW406 Port 2 60-62 ft Uranium 
MW406 Port 2 60-62 ft Vanadium 0.034 
MW406 Port 2 60-62 i-l Vanadium, Dissolved NA 0.035 

NA - Not Analyzed 
ND - Not Detected 

A-23 

yo 



Table A.33 MW406 Port 3 Inorganic Data Comparison from Baseline to Post Treatment. 

I Location I Depth I Analysis I Baseline I Post Treatment I 

MW406 Port 3 
MW406 Port 3 
MW406 Port 3 
MW406 Port 3 

66-68 ft 
66-68 ft 
66-68 ft 
66-68 

Aluminum 
Arsenic 
Barium 

(PP ) 
ND” 

0.21 

(PP 1 
ND” 

0.354 
ft I Barium. Dissolved I 0.174 I 0.374 I 

66-68 fi I Calcium I 39.9 I MW406 Port 3 
MW406 Port 3 66-68 ft Calcium, Dissolved 33.4 50.9 
MW406 Port 3 66-68 ft Chloride 40.8 142.8 
MW406 Port 3 66-68 ft Chromium 
MW406 Port 3 66-68 ft Fluoride 

1 MW406 Port 3 1 66-68 ft 1 Iron ND 
1 MW406 Port 3 1 66-68 ft I Lead I ND I 

MW406 Port 3 66-68 ft I Magnesium 11.2 14.1 
4W406 Port 3 66-68 ft 

66-68 ft 
Magnesium, Dissolved 
Manganese 

9.6 15.2 
0.23 

h 
MW406 Port 3 0.322 
MW406 Port 3 66-68 ft 1 Manganese, Dissolved 0.203 0.352 
MW406 Port 3 66-68 ft 1 Mercury 

1 MW406Port3 I 66-68 fi I Mercurv. Dissolved 1 ND 1 NA I 
66-68 ft I Nickel I ND I MW406 Port 3 

MW406 Port 3 66-68 ft Nitrate as Nitrogen ND 1.4 
MW406 Port 3 66-68 ft Potassium 6.51 11.5 
MW406 Port 3 66-68 ft Potassium, Dissolved 5.65 12 
MW406 Port 3 1 66-68 ft I Selenium 
MW406 Port 3 I 

t I I 
66-68 fi Sodium 54.7 53.3 

MW406 Port 3 66-68 ft Sodium, Dissolved 50 61 I 
ft Sulfide 

66-68 it Uranium ND 
MW406 Port 3 66-68 
MW406 Port 3 
MW406 Port 3 66-68 ft 1 Vanadium I 0.03 1 
MW406 Port 3 66-68 f-t 1 Vanadium. Dissolved NA 0.037 

NA - Not Analyzed 
ND - Not Detected 

A-24 

ii?/ 



Table A.34 MW406 Port 4 Inorganic Data Comparison from Baseline to Post Treatment. 

I Location I Depth I Analysis -/Baseline I Post Treatment I 

MW406 Port 4 72-74 fi 
MW406 Port 4 72-74 ft 
MW406 Port 4 72-74 ft 
MW406 Port 4 72-74 ft 
MW406 Port 4 72-74 ft 

Aluminum 
Arsenic 
Barium 
Barium, Dissolved 
Calcium 

(PP ) 
ND” 

0.147 
0.117 
62.7 

(PP 1 
NC 

0.38 
0.368 
49.3 

I MWAOh Pm-t 1 
I MW406Port4 1 72-74 ft I Calcium, Dissolved 50.8 49.9 

4 I 72-74 ft I Chloride 62.3 138.8 _.^ . . .-- - -_. , 
MW406 Port 4 72-74 ft Chromium 
MW406 Port 4 72-74 ft Fluoride 
MW406 Port 4 72-74 ft Iron 4.75 

4 1 72-74 fl NA I MW406Port 
4 
4 
4 

I Iron, Dissolved 
I Lead 

4 
4 
4 

I 15.1 I 

I Mercurv. Dissolved I ND I 
MW406 Port 4 72-74 f-t Nickel 0.075 
MW406 Port 4 72-74 ft Nickel, Dissolved 0.071 NA 
MW406 Port 4 72-74 fi Nitrate as Nitrogen 1 
MW406 Port 4 72-74 ft Potassium 4.66 11.9 

11.1 1 MW406 Port4 I 72-74 ft ) Potassium, Dissolved 4.19 I --.- 
72-74 f-t I Selenium 

MW406 Port 4 
MW406 Port 4 
MW406 Port 4 

, MW406 Port 4 

72-74 fi Sodium 51.2 55.7 
72-74 ft Sodium, Dissolved 43.4 57.3 
72-74 ft Sulfide 
72-74 ft Uranium 

I ND ~1 0.033 72-74 fi I Vanadium 
72-74 ft I Vanadium. Dissolved I NA I 0.034 I 

NA - Not Analyzed A-25 

ND - Not Detected Bc2. 



Table A.35 MW406 Port 5 Inorganic Data Comparison from Baseline to Post Treatment. 

Post Treatment 

MW406 Port 5 80-82 ft Calcium, Dissolved 59.1 I 52 
MW406 Port 5 80-82 ft I Chloride 81.4 153 

80-82 ft I Marmesium I 8.97 1 

_- $06 Port 5 80-82 ft Nickel 
MW406 Port 5 80-82 ft Nitrate as Nitrogen 1.2 

ft Potassium 6.91 
Potassium, Dissolved 6.91 

I MW406Port5 I 80-r 82 
MW406 Port5 I 80-82 
MW406 Port 5 80-82 

Port 5 80-82 
Port 5 80-82 
Port 5 80-82 
Port 5 80-82 

MW406 Port 5 80-82 
MW406 Port 5 80-82 

ft 
ft 
ft 
ft 

80-82 ft 1 Marmesium. Dissolved 

80-82 ft Manganese, Dissolved 0.137 I 

NA - Not Analyzed 
ND - Not Detected 

ft 
ft 
ft 
ft F 

A-26 
c3 
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Table A.36 MW406 Port 6 Inorganic Data Comparison from Baseline to Post Treatment. 

r Location I Depth I Analysis I Baseline I Post Treatment I 

MW406 Port 6 86-88 ft 
Mw406 Port 6 86-88 ft 
h-.. .--_ -__ _ AW406i’&i6 1 86-: 88fi , -- 
MW406 Port 6 1 86-88 ft 

Aluminum 
Arsenic 
Barium 
Barium, Dissolved 

(PP ) 
ND” 

0.063 
0.055 

(PP 1 
NE 

0.379 
0.396 

MW406 Port 6 86-88 fi Calcium 41 48 
MW406 Port 6 86-88 ft Calcium, Dissolved 36.5 52.8 
MW406 Port 6 86-88 ft Chloride 75.6 157.3 
MW406 Port 6 86-88 ft Chromium 
MW406 Port 6 86-88 ft Fluoride 1 
MW406 Port 6 1 86-88 ft Iron 
MW406 Port 6 I 86-88 ft Lead 

86-88 fi Magnesium 4.13 13.7 MW406 Port 6 
MW406 Port 6 86-88 fi Magnesium, Dissolved 3.66 14.5 
MW406 Port 6 86-88 ft Manganese 0.102 I 0.129 

i MW406 Port 6 I 86-88 ft I Manganese. Dissolved I 0.095 
86-88 ft I Mercurv 
86-88 ft Mercury, Dissolved NA 
86-88 ft Nickel ND 
86-88 ft Nitrate as Nitrogen 1.2 
86-88 fi Potassium 5.25 11.6 

MW406 Port 6 
MW406 Port 6 
MW406 Port 6 
MW406 Port 6 
MW406 Port 6 

1 MW406 Port 6 86-88 ft I Potassium, Dissolved 4.69 11.6 
86-88 ft I Selenium I ND MW406 Port 6 

MW406 Port 6 86-88 ft Sodium 68.5 55.6 
MW406 Port 6 86-88 ft Sodium, Dissolved 58.4 61.7 
MW406 Port 6 86-88 ft Sulfide 
MM’406 Port 6 86-88 ft Uranium 
MW406 Port 6 86-88 fi Vanadium 0.032 
MW406 Port 6 86-88 fl Vanadium, Dissolved NA 0.037 

NA - Not Analyzed 
ND - Not Detected 

A-27 
g 



Table A.37 MW406 Port 7 Inorganic Data Comparison from Baseline to Post Treatment. 

Location Depth Analysis Baseline Post Treatment 
(PP ) (PP 1 

MW406 Port 7 106-108 ft Aluminum 2.7: 0.9: 
MW406 Port 7 106-108 ft Aluminum, Dissolved 
MW406 Port 7 106-108 ft Arsenic ND 
MW406 Port 7 106-108 ft Barium 0.114 0.096 
MW406 Port 7 106-108 ft Barium, Dissolved 0.083 0.099 1 
MW406 Port 7 106-108 ft Calcium 62.4 17.1 
MW406 Port 7 106-108 ft Calcium, Dissolved 48.2 18.7 
MW406 Port 7 106-108 ft Chloride 137.1 4.3 
MW406 Port 7 106-108 ft Chromium 
MW406 Port 7 106-108 ft Fluoride ND 
MW406 Port 7 106-108 ft Iron 2.35 1.75 
MW406 Port 7 106-108 ft Iron, Dissolved 
MW406 Port 7 I 106-108 ft I Lead ND ND 
MW406 Port 7 I 106-108 ft I Maznesium I 7.47 I 6.94 
MW406 Port 7 106-108 ft Magnesium, Dissolved 7.02 7.2 
MW406 Port 7 106-108 ft Manganese 0.111 0.312 
MW406 Port 7 106-108 ft Manganese, Dissolved 0.028 0.3 14 
MW406 Port 7 106-108 ft Mercury 
MW406 Port 7 
MW406 Port 7 

106-108 ft Mercury, Dissolved NA 
106-108 ft Nickel _- 

MW406 Port 7 I 106-108 ft ) Nitrate as Nitrogen 1.3 ND 
MW406 Port 7 I 106-108 ft 1 Potassium 7.8 3.68 
MW406 Port 7 106-108 ft Potassium, Dissolved 7.38 3.57 
MW406 Port 7 106-108 f-i Selenium 
MW406 Port 7 106-108 ft Sodium 89.6 11.3 
MW406 Port 7 106-108 ft Sodium, Dissolved 83.9 12.5 
MW406 Port 7 106-108 ft Sulfide 
MW406 Port 7 106-108 ft Uranium 
MW406 Port 7 106-108 ft Vanadium 

NA - Not Analyzed 
ND - Not Detected 

A-28 
g5-” 



Table A.38 MW407 Port 2 Inorganic Data Comparison from Baseline to Post Treatment. 

I Location 1 Depth 1 Analysis 1 Baseline 1 Post Treatment ( 

Aluminum 
Arsenic 

(PP ) 
NE 

(PP 1 
NC 

MW407 Port 2 1 60-62 fi Barium 0.127 0.117 
MW407Port2 1 60-62 fi Barium, Dissolved 0.113 0.115 

1 MW407 Port 2 1 60-62 fi 1 Calcium I 56.1 1 20.2 

1 

t Ei 

MW407 Port 2 60-62 fi 1 Calcium, Dissol 
dW407 Port 2 60-62 ft 
vfw407 Port 2 60-62 ft 

I Chloride 
1 Chromium 

ved 50.6 20.5 
37.5 10.1 

[ MW407 Port 2 1 60-62 ft 1 Fluoride 
I MW407 Port2 I 60-62 ft I Iron INDI ND I 

MW407 Port 2 1 60-62 ft 1 Lead 
gnesium 10.8 10.4 

Magnesium, Dissolved 9.84 9.95 
Manganese 0.335 0.203 

’ MW407 Port 2 1 60-62 ft 1 Manganese, Dissolved 0.29 0.187 

E-l- 
Port 2 
Port 2 
Port 2 

60-62 ft 
60-62 ft 
60-62 ft 
60-62 ft 
60-62 ft 
60-62 ft 
60-62 ft 

Mercurv I 
Mercury, Dissolved 
Nickel 
Nitrate as Nitrogen 

MW407 Port 2 60-62 ft Sodium 52.8 13.2 
MW407 Port 2 60-62 fi Sodium, Dissolved 48.8 14.3 
MW407 Port 2 60-62 ft Sulfide 
MW407 Port 2 60-62 fi Uranium ND 
MW407 Port 2 60-62 ft Vanadium 

NA - Not Analyzed 
ND -Not Detected 

A-29 

s-6 



Table A.39 MW407 Port 3 Inorganic Data Comparison from Baseline to Post Treatment. 

Location ]Analysis Aluminum 
66-68 ft 1 Arsenic 

1 Baseline 

57.2 
1 MW407 Port 3 1 66-68 ft I Calcium. Dissolved 1 48.9 1 

MW407 Port 3 66-68 ft Chloride 35.9 12.3 
MW407 Port 3 66-68 ft Chromium 
MW407 Port 3 66-68 ft Fluoride 
MW407 Port 3 66-68 fi Iron 
MW407 Port 3 66-68 ft Lead 
E dW407 Port 3 I 66-68 ft 1 Magnesium 12 9.82 
vIw407 Port 3 I 66-68 ft 1 Magnesium. Dissolved 10.5 9.91 P 

MW407 Port 3 
MW407 Port 3 
MW407 Port 3 
MW407 Port 3 

66-68 ft 

66-68 ft 
66-68 ft 

I Manganese 

1 Mercury 
I Mercury, Dissolved 

0.202 0.182 

NA 

66-68 ft I Manganese, Dissolved 0.176 0.171 1 

1 MW407 Port 3 I 66-68 ft I Nickel INDI ND I 
I MW407 Port 3 I 66-68 ft I Nitrate as Nitrogen I 1.7 I 2.1 I 

MW407 Port 3 66-68 ft Potassium 4.01 3.3 
MW407 Port 3 66-68 ft Potassium, Dissolved 3.68 3.27 
MW407 Port 3 66-68 f-t Selenium 
MW407 Port 3 66-68 ft Sodium 53.4 14.2 
MW407 Port 3 1 66-68 I? I Sodium, Dissolved 48.3 15.3 
MW407 Port 3 I 66-68 ft I Sulfide 
MW407 Port 3 
MW407 Port 3 

66-68 ft 
66-68 ft 

Uranium 
Vanadium 

NA - Not Analyzed 
ND -Not Detected 

A-30 

s-7 



Table A.40 MW407 Port 4 Inorganic Data Comparison from Baseline to Post Treatment. 

Location I Depth 1 Analysis Baseline Post Treatment 1 
MW407 Port 4 
MW407 Port 4 
MW407 Port 4 
MW407 Port 4 
MW407 Port 4 
MW407 Port 4 
MW407 Port 4 

72-74 fi 
72-74 ft 
72-74 ft 
72-74 ft 
72-74 ft 
72-74 ft 
72-74 ft 

Aluminum 
Arsenic 
Barium 
Barium, Dissolved 
Calcium 
Calcium, Dissolved 
Chloride 

(PP ) 
ND” 

0.225 
0.198 
52.4 
46.7 
47.1 

(PP ) 
ND” 

0.135 
0.131 
21.9 
21.8 

MW407 Port 4 72-74 ft 

MW407 Port 4 
MW407 Port 4 
MW407 Port 4 

72-74 fl Mercury, Dissolved NA I 
72-74 ft I Nickel 
72-74 ft 

Port 
Port 

4 
4 

Port 4 

72-74 ft 
72-74 ft 
72-74 fl 

Nitrate as Nitrogen 
Potassium 
Potassium, Dissolved 
Selenium 

1.4 
3.41 3.38 
3.18 3.2 

MW407 Port4 ) 72-74 ft 
MW407 Port 4 1 72-74 ft 
MW407 Port 4 72-74 ft 
MW407 Port 4 72-74 ft 

i MW407 Port 4 72-74 ft 

Sodium 
Sodium, Dissolved 
Sulfide 
Uranium 
Vanadium 

50.1 17 
47.6 17.2 

NA - Not Analyzed 
ND - Not Detected 

A-31 
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Table A.41 MW407 Port 5 Inorganic Data Comparison from Baseline to Post Treatment. 

I Location 
I 

Depth Analysis 
I 

Baseline 
fnnml 

1 Post Treatment 

MW407 Port 5 
MW407 Port 5 
MW407 Port 5 
MW407 Port 5 

I I \t’t’-J (PP ) 
80-82 ft I Aluminum NE 
80-82 ft 1 Arsenic 
80-82 ft Barium 0.05 1 0.13 
80-82 ft Barium, Dissolved 0.046 0.132 

MW407 Port 5 80-82 ft Calcium 70.6 21.4 
Mw407 Port 5 80-82 ft Calcium, Dissolved 66.7 22.4 
MW407 Port 5 80-82 ft Chloride 46.1 15.6 
MW407 Port 5 80-82 fi Chromium ND 
MW407 Port 5 80-82 A Fluoride ND 
MW407 Port 5 80-82 ft Iron 
MW407 Port 5 80-82 f-i Lead 
MW407 Port 5 80-82 ft Magnesium 11.6 9.76 
MW407 Port 5 80-82 ft Magnesium, Dissolved 11.1 9.95 
MW407 Port 5 80-82 ft Manganese 0.032 0.169 

80-82 ft Manganese, Dissolved 0.03 1 0.169 + 
80-82 ft 
80-82 ft 

Mercury 
Mercury, Dissolved 

MW407 Port 5 80-82 ft I Nickel 
MW407 Port 5 I 80-82 ft 1 Nitrate as Nitrogen 1 ND 

5 
5 z- 5 
5 

80-82 
80-82 
80-82 
80-82 

ft 
ft iI ft 
ft 

Potassium 
Potassium, 
Selenium 
Sodium 

Dissolved 

MW407 Port5 80-82 ft Sodium, Dissolved 44.4 17.2 
MW407 Port 5 80-82 ft Sulfide 
MW407 Port 5 80-82 ft Uranium ND 
MW407 Port 5 80-82 ft Vanadium ND 

NA - Not Analyzed 
ND - Not Detected 

A-32 
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Location 

6 
MW407 Port 6 

Table A.42 MW407 Port 6 Inorganic Data Comparison from Baseline to Post Treatment. 

Depth 

86-88 fi 
86-88 ft 
86-88 ft 

Analysis 

Aluminum 
Arsenic 
Barium 

Baseline Post Treatment 
(PP 1 

NE NE 
0.054 Fa 0.15 

MW407 Port 6 86-88 I3 Barium, Dissolved 0.049 0.145 
MW407 Port 6 86-88 ft Calcium 60.6 24.1 
MW407 Port 6 86-88 ft Calcium, Dissolved 54.4 23.9 
MW407 Port 6 86-88 ft Chloride 46.8 21.4 
MW407 Port 6 86-88 ft Chromium 
MW407 Port 6 86-88 ft Fluoride 1.2 
MW407 Port 6 86-88 ft Iron 
MW407 Port 6 86-88 ft Lead 
MW407 Port 6 86-88 fi Magnesium 8.83 10.7 1 

86-88 ft Magnesium, Dissolved 7.98 MW407 Port 6 I 10.5 
MW407 Port 6 1 86-88 fi I Manganese I 0.039 0.159 

0.158 I -- I , Cl I mW407 Port 6 I 86-88 ft I Manganese. Dissolved I 0.039 I 
I ND I 

NA 

1.5 67.2 
4.1 3.24 

86-88 ft 
86-88 fl 
86-88 ft 
86-88 ft 
86-88 ft 

I Mercurv 
Mercury, Dissolved 
Nickel 
Nitrate as Nitrogen 
Potassium 

MW407 Port 6 
MW407 Port 6 
MW407 Port 6 
MW407 Port 6 
MW407 Port 6 

1 MW407 Port 6 I 86-88 ft I Potassium, Dissolved 4 I 3.04 I 
86-88 ft I Selenium I 
86-88 ft 
86-88 fi 
86-88 fi 
86-88 ft 3 Sodium 

Sodium, Dissolved 
Sulfide 
Uranium I ND I 

I MW407 Port 6 I 86-88 ft I Vanadium 1 0.025 1 ND 1 

NA - Not Analyzed 
ND - Not Detected 
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Table A.43 MW407 Port 7 Inorganic Data Comparison from Baseline to Post Treatment. 

I 

Location 
I 

Depth Analysis Baseline 
fnnml 

1 Post Treatment I 

-1 (PP 1 
MW407 Port 7 106-108 ft Aluminum ND” 
MW407 Port 7 106-108 ft Arsenic 
MW407 Port 7 106-108 ft Barium 0.11 0.092 

I MW407 Port 7 I 106-108 ft I Barium. Dissolved I 0.103 I 0.087 I 

MW407 Port 7 I 106-108 ft I Calcium 70 16.9 MW407 Port 7 I 106-108 ft I Calcium. Dissolved 63.1 16.1 I 
MW407 Port 7 106-108 ft Chloride 40.1 4.3 
MW407 Port 7 106-108 ft Chromium ND 
MW407 Port 7 106-108 ft Fluoride 
MW407 Port 7 1 106-108 ft 1 Iron ND 
MW407 Port 7 I 106-108 ft I Lead 

I MW407 Port 7 I 106-108 ft I Magnesium I 12.7 I 7.51 I 
MW407 Port 7 106-108 ft Magnesium, Dissolved 11.7 7.06 
MW407 Port 7 106-108 ft Manganese 0.167 0.186 
MW407 Port 7 106-108 ft Manganese, Dissolved 0.166 0.172 
MW407 Port 7 I 106-108 ft ) Mercury 
MW407 Port 7 I 106-108 ft I Mercurv. Dissolved I NA 
MW407 Port 7 106-108 ft Nickel 
MW407 Port 7 106-108 ft Nitrate as Nitrogen 1.3 ND 
MW407 Port 7 106-108 ft Potassium 4.15 3.54 
MW407 Port 7 106-108 ft Potassium, Dissolved 3.84 3.25 
MW407 Port 7 106-108 Et Selenium 
MW407 Port 7 106-108 ft Sodium 51.6 11.9 

I MW407 Port 7 I 106-108 ft I Sodium. Dissolved I 45.3 I 12 I 
MW407 Port 7 106-108 ft Sulfide ’ ND 
MW407 Port 7 106-108 ft Uranium ND 
MW407 Port 7 106-108 ft Vanadium ND 

NA - Not Analyzed 
ND - Not Detected 

A-34 
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Table A.44 MW408 Port 2 Inorganic Data Comparison from Baseline to Post Treatment. 

I Location 

MW408 Port 2 

MW408 Port 2 

MW408 

MW408 

Port 

Port 

2 

2 

MW408 

MW408 

Port 

Port 

2 

2 

MW408 Port 2 

Depth I Analysis 1 Baseline 1 Post Treatment 
I---\ 

(PP 1 \lJP 1 

60-62 

60-62 ft 

ft 

Aluminum 

Barium, Dissolved 0.138 

NE N-L 

60-62 

60-62 

fi 

ft 

Calcium 

Arsenic 

40.4 

ND 

60-62 

60-62 

ft 

fi 

Calcium, Dissolved 

Barium 

38.2 

0.137 

60-62 ft Chloride 41.2 

MW408 Port 2 
MW408 Port 2 
MW408 Port 2 
MW408 Port 2 
MW408 Port 2 
MW408 Port 2 
MW408 Port 2 

60-62 ft Potassium, Dissolved 7.92 2.97 
60-62 ft Selenium 
60-62 fi Sodium 54 37.5 
60-62 ft Sodium, Dissolved 48 37.8 
60-62 fi Sulfide 
60-62 I3 Uranium 
60-62 ft Vanadium 

NA - Not Analyzed 
ND - Not Detected 
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Table A.45 MW408 Port 3 Inorganic Data Comparison from Baseline to Post Treatment. 

I Location I Depth ( Analysis I Baseline 1 Pa ost Treatment ) 

MW408 Port 3 66-68 ft 
MW408 Port 3 66-68 fl 
MW408 Port 3 66-68 ft 

Aluminum 
Arsenic 
Barium 

(PP 1 
ND” 

0.136 

(PP 1 
NE 

0.288 
MW408 Port 3 66-68 ft Barium, Dissolved 0.126 0.263 
MW408 Port 3 66-68 ft Calcium 41.4 29.4 
MW408 Port 3 66-68 ft Calcium. Dissolved 37.2 28.2 
MW408 Port 3 66-68 ft Chloride 33.9 76.5 
MW408 Port 3 66-68 ft Chromium 
MW408 Port 3 66-68 ft Fluoride 

1 MW408Port3 1 66-68 ft 1 Iron 
66-68 ft I Lead INDI ND I 
66-68 fi I Magnesium I 9.85 1 6.75 I 

L 

MW408 Port 3 66-68 ft Magnesium, Dissolved 8.99 6.56 
MW408 Port 3 66-68 ft Manganese 0.125 0.027 
MW408 Port 3 66-68 ft Manganese, Dissolved 0.115 
MW408 Port 3 66-68 ft Mercury ND 
MW408 Port 3 1 66-68 ft I Mercury, Dissolved NA 
MW408 Port 3 I 66-68 ft I Nickel I 

3 66-68 
3 66-68 ZE 3 66-68 
3 66-68 

fi 
ft 
ft 
ft 

NA - Not Analyzed 
ND -Not Detected 

A-36 



Table A.46 MW408 Port 4 Inorganic Data Comparison from Baseline to Post Treatment. 

Location Depth Analysis Baseline Post Treatment 
(ppm) (PP 1 

ND” 1 MW408 Port 4 1 72-74 ft I Aluminum ! 1 
MW408 Port 4 72-74 ft ( Arsenic 

1 I 0.134 
c MW408Port4 72-74 ft Barium 0.296 

MW408 Port 4 1 72-74 ft I Barium, Dissolved 0.127 0.261 \ 
m8Port4 1 72-74 fi I Calcium I 49.7 I 

m8Port4 1 72-74 ft I Lead I ND I 
MW408 Port 4 72-74 fi Magnesium 10.2 7.54 
MW408 Port 4 72-74 A Magnesium, Dissolved 9.58 6.72 
MW408 Port 4 I 72-74 fl I Manganese 0.11 I 0.028 
MW408 Port 4 1 72-74 ft I Manganese, Dissolved 0.103 ! 

( MW408 Port 4 

MW408 Port 4 
MW408 Port 4 
MW408 Port 4 

i MW408 Port 4 

72-74 fi 
72-74 fl 
72-74 ft 
72-74 ft 
72-74 ft 
72-74 ft I Potassium, Dissolved 
72-74 ft I Selenium 

Mercury 
Mercury, Dissolved 
Nickel 
Nitrate as Nitrogen 
Potassium 

ND 
NA 

1.2 3.3 
6.8 3.03 
6.42 2.84 

56.2 40.6 
51.2 37.3 

1 MW408 Port 4 1 72-74 fl I Vanadium 

NA - Not Analyzed 
ND -Not Detected 

A-37 
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Table A.47 MW408 Port 5 Inorganic Data Comparison from Base&e to Post Treatment. 

1 Location Depth I Analysis I Baseline I Post Treatment 
(PP 1 

ND” 
(PP 1 

MW408 Port 5 80-82 ft Aluminum ND” 
MW408 Port 5 80-82 fi Arsenic ND 
MW408 Port 5 80-82 ft Barium 0.101 0.326 
MW408 Port 5 80-82 ft Barium. Dissolved 0.104 0.263 
MW408 Port 5 80-82 ft Calcium 43.5 33.5 
MW408 Port 5 80-82 ft Calcium, Dissolved 44.5 29 
MW408 Port 5 80-82 ft Chloride 38.4 74.7 
MW408 Port 5 80-82 ft Chromium 
MW408 Port 5 80-82 ft Fluoride 1 
MW408 Port 5 80-82 ft Iron 
MW408 Port 5 80-82 ft Lead 
MW408 Port 5 80-82 ft Magnesium 8.66 9.21 
MW408 Port 5 80-82 ft Magnesium, Dissolved 8.77 7.7 
MW408 Port 5 80-82 ft Manganese 0.095 0.026 

MW408 Port 5 80-82 ft Sodium 47.9 43 
MW408 Port 5 80-82 ft Sodium, Dissolved 48.2 37.4 
MW408 Port 5 80-82 ft Sulfide 
MW408 Port 5 80-82 ft Uranium 
MW408 Port 5 80-82 ft Vanadium 

NA - Not Analyzed 
ND - Not Detected 

A-38 
7.5 



Table A.48 MW408 Port 6 Inorganic Data Comparison from Baseline to Post Treatment. 

Location 
I 

Depth Analysis 
I 

Baseline Post Treatment 1 
J---X 

MW408 Port 6 
MW408 Port 6 

86-88 I3 
86-88 fi 

Aluminum 
Arsenic 

(PP ) 
NE 

MW408 Port6 1 86-88 fi I Barium 0.053 I 0.235 
MW408 Port 6 I 86-88 ft I Barium. Dissolved 0.048 0.215 
MW408 Port 6 86-88 ft Calcium 35 48.9 
MW408 Port 6 86-88 fi Calcium, Dissolved 32.4 36.9 
MW408 Port 6 86-88 ft Chloride 36 73.4 
MW408 Port 6 86-88 ft Chromium 

6 
+ 6 
6 
6 

86-88 
86-88 
86-88 
86-88 

fi 
fl 
fl 
ft 

Fluoride I 

MW408 Port 6 86-88 fi I Magnesium, Dissolved 4.41 7.42 
MW408 Port 6 86-88 ft , I Manganese 0.063 

I MW408 Port 6 I 86-88 ft I Manganese. Dissolved I NA I 
I MW408 Port 6 

t 
I 

NA - Not Analyzed 
ND - Not Detected 

Mercury ’ 

Sodium, Dissolved 

Mercury, Dissolved 
Nickel 
Nitrate as Nitrogen 
Potassium 
Potassium, Dissolved 
Selenium 
Sodium 

NA 

1.2 
I 9.47 I 

48.1 1 , 

8.46 

37.8 

4.51 

47.8 45.2 

I ND I II Sulfide 
ft Uranium 
fl Vanadium 
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Table A.49 MW408 Port 7 Inorganic Data Comparison from Baseline to Post Treatment. 

Location Depth Analysis Baseline Post Treatment 
(PP 1 

104-106 ft Aluminum 0.5: 
(PP 1 

NAm 
MW408 Port 7 Aluminum, Dissolved 

Arsenic 
Barium 

1 MW408 Port 7 1 104-106 ft Barium, Dissolved 
MW408 Port 7 104-l 06 ft Calcium 57.1 NA 
MW408 Port 7 104-106 ft Calcium, Dissolved 50.5 NA 
MW408 Port 7 104-106 ft Chloride 36.6 NA 
MW408 Port 7 104-106 ft Chromium NA 
MW408 Port 7 104-106 ft Fluoride NA 
MW408 Port 7 104-106 ft Iron 0.376 NA 
MW408 Port 7 1 104-106 ft Iron, Dissolved NA 
MW408 Port 7 I 104-106 ft Lead NA 

104-106 ft Magnesium 2.22 NA 1 MW408 Port 7 I 

104-106 ft I Manganese NA I 

104-106 ft I Magnesium, Dissolved 1.01 NA 

104-106 ft Mercury NA 
104-106 ft Mercury, Dissolved NA 
104-106 ft Nickel NA 

MW408 Port 7 
MW408 Port 7 
MW408 Port 7 
MW408 Port 7 
MW408 Port 7 
MW408 Port 7 104-106 ft Nitrate as Nitrogen NA 
MW408 Port 7 104-106 fi Potassium 12.7 NA 
MW408 Port 7 104-106 ft Potassium, Dissolved 11.2 NA 
MW408 Port 7 104-106 ft Selenium NA 
MW408Port7 ( 104-106 ft I Sodium 35.1 NA 
MW408 Port 7 I 104-106 ft I Sodium. Dissolved 34.3 NA 
MW408 Port 7 104-106 ft 
MW408 Port 7 104-106 fi 
MW408 Port 7 104-106 ft 

Sulfide ’ 
Uranium 
Vanadium 

NA 
NA 
NA 

NA - Not Analyzed 
ND - Not Detected 
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Table A.50 Inorganic Data Comparison from Baseline to Post Treatment. 

I Location I Depth Analysis Baseline Post Percent 
(PPm) Treatment Difference 

(PP ) 
86-88 ft I Nitrate as Nitrogen 1.5 67: 4380% 

106-108 ft / Manganese. Dissolved 0.028 0.3 14 1021% 

86-88 ft 1 Manganese, Dissolved 0.039 0.158 305% 

80-82 ft I MagJlesium. Dissolved I 2.28 1 10.6 l- 365% 
86-88 ft I Magnesium. Dissolved I 1.59 I 10.4 I 554% I 

80-82 i? I Magnesium 2 10.7 I 
MW405 Port 6 86-88 fi I Magnesium 1.38 1 10.6 668% 
MW405 Port 7 106-l 08 ft I Magnesium 0.458 1 11.8 2476% 
MW405 Port 3 I 66-68 ft I Chloride 14 74.8 
MW405 Port 7 I 106-108 ft 1 Chloride 

1 434% 
I 11.3 I 77.7 588% 

I 

MW405 Port 5 80-82 fi I Barium, Dissolved 1 0.037 1 0.287 676% 
MW405 Port 6 86-88 fi I Barium, Dissolved 1 0.03 ( 1 723% 
MW406 Port 6 86-88 ft I Barium, Dissolved 1 0.055 1 0.396 [ 620% 1 

I MW408 Port 6 I 86-88 ft I Barium. Dissolved 1 0.048 1 
o.2i5 ~~~ 7~3 

-48% 
MW405 Port 5 80-82 ft I Barium I 0.033 I 0.299 806% 
MW405 Port 6 86-88 ft Barium 0.028 0.256 814% 
MW406 Port 6 86-88 ft Barium 0.063 0.379 502% 
MW408 Port 6 86-88 ft Barium 0.053 0.235 343% 

NA - Not Analyzed 
ND -Not Detected 

A-41 



Table A.51 Chloride and Other Dissolved Mineral Changes During Treatment. 

Well Screen Intervals Inside Treatment Region 

Pre-SPH Post-SPH 
Screen Pre-SPH Post-SPH other other 
Depth Chloride Chloride minerals minerals 

Well (ft bgs) (i&l) (mgn) Change @g/l) (mg/l) Change 
MW-406 60-62 55.7 130.1 134% 142 129 -9% 
MW-406 66-68 40.8 142.8 250% 113 124 10% 
MW-406 72-74 62.3 138.8 123% 140 131 -6% 
MW-406 80-82 81.4 153.0 88% 142 132 -7% 
MW-406 86-88 75.6 157.3 108% 120 130 8% 
MW-407 60-62 37.5 10.1 -73% 126 47 -63% 
MW-407 66-68 35.9 12.3 -66% 126 47 -63% 
MW-407 72-74 47.1 18.6 -61% 117 51 -56% 
MW-407 80-82 46.1 15.6 -66% 132 50 -62% 
MW-407 86-88 46.8 21.4 -54% 123 56 -54% 
average 52.9 80.0 51% 128.1 89.7 -30% 

Equivalent TCE decrease (mg/l): 100.3 

Well Screen Intervals Outside Treatment Region 

Pre-SPH Post-SPH 
Screen Pre-SPH Post-SPH other other 
Depth Chloride Chloride minerals minerals 

Well (ft bgs) (mg/l) (mgll) Change (mg/l) (mg/l) Change 
MW-405 60-62 19.7 75.0 281% 115 85 -26% 
MW-405 66-68 14.0 74.5 432% 71 81 14% 
MW-405 72-74 22.6 73.5 225% 90 83 -8% 
MW-405 80-82 20.9 73.1 250% 60 96 60% 
MW-405 86-88 33.0 74.9 127% 76 95 25% 
MW-408 60-62 41.2 75.0 82% 111 75 -32% 
MW-408 66-68 33.9 76.5 126% 110 79 -28% 
MW-408 72-74 36.9 75.7 105% 123 80 -35% 
MW-408 80-82 38.4 74.7 95% 108 89 -18% 
MW-408 86-88 36.0 73.4 104% 97 110 13% 

McNairy 
MW-405 106-108 11.3 77.7 588% 73 128 75% 
MW-406 106-108 137.1 4.3 -97% 172 42 -76% 
MW-407 106-108 40.1 4.3 -89% 139 41 -71% 
MW-408 104-106 36.6 DNAPL DNAPL 
average 37.3 64.0 72% 103.5 83.4 -19% 

Equivalent TCE decrease (mg/l): 99.0 

NA - Not Analyzed A-42 
K-2. t? 

ND - Not Detected 77 



APPENDIX B 

MEMBRANE INTERFACE PROBE 



MEMBRANE INTERFACE PROBE 

To assist in the pre-test characterization, a membrane interface probe (MIP) was utilized 
to provide a direct indication of in- situ volatile organic compound (VOC) concentrations within 
the SPH treatability study area. 

The MIP allowed for continuous vertical profiling of VOCs by pushing a heated source 
and porous membrane probe to depth using direct push technology. The heat source volatilized 
VOCs at the tip of the probe. The vapors entered the porous membrane and were transported 
through tubing to the surface where the vapors were analyzed with an array of detectors in a 
portable gas chromatograph (GC). The probe also measured electrical conductivity. The 
compilation of these three sets of data provide continuous profiles with depth of VOC 
concentrations and soil conductivity giving the user a clearer picture of the relative 
contamination. 

MJP profiling was conducted at all 15 piezometer locations shown in Figure 1.2 of this 
report. Also, during installation of the piezometers, soil samples were collected at 2 foot (ft) 
intervals to a depth of 56 ft from 11 of the 15 piezometer locations. The figures on the following 
pages show a comparison of 11 MIP borings vs. the 11 piezometer locations from which soil 
samples were collected. 

The piezometer location is specified on the right hand title block (i.e., Point PZOOl is 
piezometer VPOl) on the following figures. The reviewer can compare the top graph (labeled 
TCE ug/kg on the right side) to the next two lower graphs (ECD [uV] and PID [uV])to compare 
the baseline soil sample results to the MlP readings at the same depth. The graph at the top of 
each page depicts the soil concentrations from the baseline soil sampling event in parts per 
billion. The two lower graphs provide the MIP real time results for the Photoionization Detector 
and Electron Capture Detector in micro Volts. The graph at the bottom of the page (COND 
[ms/M]) shows the corresponding electrical conductivity at depth. 

The use of MIP profiling confirmed the presence of subsurface VOC contamination at 
the proposed treatability study area. The MIP profile results when compared to the baseline soil 
sample results show similar increases and decreases in concentrations. 
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CDM Federal Programs Corporation 
Six-Phase Heating System - Work Instruction WI-SPH-001 Rev. 2 

Issued: May 12,2003 Effective: May 12,2003 Expires: May 12,2004 Page 1 of 8 

SUBJECT: Startup and Normal Operation of the Six-Phase Heating System 

1.0 PURPOSE: 

The objective of this work instruction is to define the required equipment and steps 
necessary to startup and place in normal operation the Six-Phase Heating (SPH) system 
in the vicinity of building C-400 at the Paducah Gaseous Diffusion Plant. 

2.0 APPLIES TO: 

This work instruction applies to the activities associated with starting up and operating 
the SPH system. 

This work instruction will be performed in response to complete shutdown (planned or 
unplanned) of the SPH system. 

3.0 CONDUCTED BY: 

This work instruction will be performed b 
personnel or SPH system personnel traine 
supervision of TRS. 

4.0 TRAINING AND OT 

general operation of the SPH system and this 
ager or designee. In addition, SPH system 

owing procedures, work instructions, and operator 
lopment, Completion, and Control or Data Forms and Logbooks”; 

ions and Maintenance of the Six-Phase Heating System Vapor 
Phase Granular Activated Carbon Units; Operations and Maintenance Manual, Six-Phase 
Heating Treatability Study. 

5.0 SPECIAL TOOLS, EQUIPMENT, PARTS, AND SUPPLIES: 

The execution of this work instruction requires the following special equipment and 
supplies: 

Dwyer Series 47 1 Therm0 Anemometer 

6.0 

7.0 

APPROVALS AND NOTIFICATIONS: 

Obtain approval from the Operations Manager before executing this work instruction. 

PRE-PERFORMANCE ACTIVITIES: 

7.1 Obtain approval from the Operations Manager before executing this work 
instruction. 

iation Systems, Inc. (TRS) 
e SPH system, under the 

7.2 Obtain support from TRS before executing this work instruction. 
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7.3 Align the SPH system valves as specified in the SPH system valve alignment 
checklist (see Appendix B, Six-Phase Heating System Valve Alignment 
Checklist). 

8.0 WHAT TO DO: 

8.1 Verify system has appropriate Electrode Cable Alignment with TRS and 
Operations Manager before executing this work instruction. 

A. Startup Condenser 

8.2 Verify that at least 3 feet of water is available in the water holding tank through 
the holding tank site glass. 

8.3 Verify that water is present in the cooling tower at mid-level or higher on the 
sight glass. 

8.4 Move the Cl Condenser Skid Main Disconnect Switch to the “ON” position or 
verify the switch is in the “ON” position at the Condenser Skid Control Panel. 

NOTE: The recycle pump is normally almost silent in its operation, Upon startup you will hear 
water begin spraying and falling through the cooling tower packing. The water level in 
the cooling tower will drop slightly as water fills the piping and heat exchangers. 

8.5 Switch the C 1 Recycle Pump (52) to the “ON” position at the Condenser Skid 
Control Panel. 

NOTE: The discharge pressure might occasionally fluctuate over the first minute as air is 
purged from the recycle loop. 

8.6 Verify that the Cl Recycle Pump (52) discharge pressure is greater than 5 pounds 
per square inch gage (psig) using the Cl Recycle Pump Discharge Pressure 
Gauge (P-502). 

NOTE: Upon performing the next operation, you will hear the fan spin. A brief belt squeal 
upon startup is normal. The cooling fan has a thermostat that controls its operation. In 
cold weather (below 40°F), the cooling fan might not start or might operate 
intermittently - this is normal. The water temperature in the recycle loop will stabilize 
near ambient temperatures. The water level in the cooling tower will automatically 
stabilize near 75% of the sight glass (LI-503) - a float valve adds water from the 
holding tank as necessary. 

8.7 Switch the cooling tower fan to the “ON” position at the Condenser 
Panel. 

8.8 Place the C 1 Condensate Pump (Jl) in automatic operation 
“AUTO” position at the Condenser Skid Control Panel 

NOTE: The following steps (8.9 through step 8.175) 
condenser only. They are not required for 
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8.9 

8.10 

8.11 

8.12 

8.13 

8.14 

8.15 

Using a garden hose, add water to the Cl outlet vapor liquid separator until the 
water is mid-level on the sight glass (LI-501). 

Close the Condensate Pump Discharge Throttle Valve (HV-503). Close the 
Condensate Pump Air Vent / Equalization Valve (HV-5 16). 

Place the Cl Condensate Pump (Jl) switch in the “hand” position to start the 
pump. 

Throttle open the Condensate Pump Air Vent / Equalization Valve @IV-51 6) 
until air bubbles and water are observed to rise through the %-inch transparent 
discharge tubing at a rate of about 1 foot per second. 

Throttle open the Condensate Pump Discharge Throttle Valve (HV-503) until 
timed observation of the Condensate Pump Totalizing Flow Meter (FM-501) 
indicates that the flow rate is about 9 gallons per minute or until the Condensate 
Pump Discharge Pressure Gauge (P-501) indicates 5 psig, whichever occurs first. 

Place the Cl Condensate Pump (Jl) in automatic operation by switching it to the 
“AUTO” position at the Condenser Skid Control Panel. 

Place the C 1 Blowdown Valve (LCV-50 1) in automatic operation by switching it 
to the “AUTO” position at the Condenser Skid Control Panel. 

B. Startup Dilution Blower 

NOTE: One of the dilution dampers must be open to operate the Dilution Blower. 

NOTE: Refer to WI-SPH-005, Operations and Maintenance of the Six-Phase Heating System 
Vapor Phase Granular Activated Carbon (GAC) Units prior to performing this 
operation. 

8.16 Verify if the on-service primary GAC vessel has reached Volatile Organic 
Compound (VOC) breakthrough. If it has not reached breakthrough, proceed to 
Step 8.177 and skip Step 8.188. If it has reached breakthrough, proceed to Step 
8.188 and skip Step 8.177. 

8.17 Open or verify open, the GAC Inlet Dilution Damper (I-N-603) and close or 
verify closed, the Inter-GAC Dilution Damper (HV-608). 

8.18 Close or verify closed, the GAC Inlet Dilution Damper (HV-603) 
verify open, the Inter-GAC Dilution Damper (HV-608). 

8.19 Move Dilution Blower Main Disconnect Switch to the “ON” position 
the “ON” position at the Dilution Blower Control Panel. 

NOTE: Upon performing the next step, you will hear the blower spin, Afie 
blower should operate with a smooth hum, and be free of vibrati 

c-5 
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8.20 Switch the dilution blower to the “ON” position at the Dilution Blower Control 
Panel. 

NOTE: The dilution blower has a capacity limit of 2400 standard cubic feet per minute (scfm). 

8.21 Measure the stack airflow to verify that it is less than 2400 scfm at the GAC 
Dilution Blower Anemometer Port (F7). 2400 scfm is 6,885 feet per minute 
(fpm) in the 8” diameter stack (scfm=O.35 x fpm, in an 8” duct). 

8.22 Verify that the Blower Discharge Heat Exchanger Outlet Pressure Gauge (P5) is 
less than 10 inches H20. (It will normally be less than 1 in. HZO.) 

8.22.1 If the Blower Discharge Pressure Heat Exchanger Outlet Gauge (P5) is 
greater than 10 inches H20, verify that either the GAC Inlet Dilution 
Damper (HV-603) or the Inter-GAC Dilution Damper (HV-608) is fully 
open 

C. Startup Vapor Recovery (VR) Blower 

NOTE: The condenser (Cl) must be running with no alarm conditions in order to start the VR 
blower. 

8.23 Switch the VR Blower Skid Main Disconnect Switch to the “ON” position at the 
VR Blower Control Panel. 

8.24 Open the Bl VR Blower Inlet Bleed Valve (HV-301). 

NOTE: A brief belt squeal upon Bl startup is normal. After a few seconds, the blower should 
operate with a smooth but loud hum or growl, and be free of vibration. 

8.25 

8.26 

8.27 

8.28 

8.29 

Switch the VR Blower to the “AUTO.” position at the VR Blower Control Panel. 

Switch the VR Blower cooling fan to the “AUTO” position at the VR Blower 
Control Panel. 

Throttle the Bl VR Blower Inlet Bleed Valve (HV-301) shut until the Cl 
Discharge Pressure Gauge (P3) reads 14 inches of Hg or until HV-301 is fully 
shut. 

Check the condenser and system piping for obvious air leaks - a hissin 
air is drawn into the vacuum vessels/piping. 

Check the blower discharge heat exchanger outlet vat 
Discharge Pressure Gauge (P4). If the outlet is at a po 
photoionization detector to scan positive pressure pipin 
positive pressure piping begins at VR Blower B 1 and 
discharge heat exchanger inlet. If VOCs are detected, 
and repair the leak. 

D. Startup Power Control Unit (PCU) 

C-6 

u 7 



CDM Federal Programs Corporation 
Six-Phase Heating System - Work Instruction WI-SPH-001 Rev. 2 

Issued: May 12,2003 Effective: May 12,2003 Expires: May 12,2004 Page 5 of 8 

NOTE: At this time, the normal procedure is to call a TRS operator on the telephone and the 
TRS operator will start-up and monitor the PCU remotely. However, under some 
circumstances the TRS operator might request local start-up. If local start-up is 
requested, the TRS operator will direct the following steps. 

8.30 Press the “electrode power on” button. This will start electrode power. A “clunk” 
will be heard as the contactor (automatic switch) closes. 

8.31 The TRS operator will periodically monitor and adjust the PCU as required. 

NOTE: Locking and tagging out the PCU Output (Electrodes) will be necessary for on-site 
personnel to perform intrusive tasks inside the treatment area (example: groundwater 
sampling, electrode head work, etc). If lockout/taggout is required, please follow the 
procedure below. 

8.32 Pull the handle down to the “OFF” position on the PCU Output Disconnect 
located on the fence, left of the access gate. 

9.0 POST-PERFORMANCE ACTIVITIES: 

9.1 Record activities in the Daily Six-Phase Heating System Data Collection and 
Maintenance Sheets in accordance with CDM-005 “Development, Completion, 
and Control of Data Forms and Logbooks”. 

10.0 RECORDS: 

Daily SPH system Operational Data Collection and Maintenance Sheets. 

11.0 REFERENCES: 

CDM-005 “Development, Completion, and Control of Data Forms and Logbooks” 

WI-SPH-005 “Operations and Maintenance of the Six-Phase Heating System 
Phase Granular Activated Carbon Units” 

Operations and Maintenance Manual, Six-Phase Heating Treatability 

All applicable equipment manuals 

12.0 WRITTEN BY: 

Thermal Remediation Services Inc. 

13.0 APPROVAL,: 

Approved By: 
(Operations Manag 

c-7 
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APPENDIX A 

ACRONYMS AND DEFINITIONS 

ACRONYMS 

fpm 
GAC 
PCU 

psig 
scfln 
SPH 
TRS 
voc 
VR 

DEFINITIONS 

None 

Feet per minute 
Granular Activated Carbon 
Power Control Unit 
Pounds per Square Inch Gauge 
Standard Cubic Feet per Minute 
Six-Phase Heating 
Thermal Remediation Services Inc. 
Volatile Organic Compound 
Vapor Recovery 
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APPENDIX B 

SIX PHASE HEATING SYSTEM INITIAL START-UP 
VALVE ALIGNMENT CHECKLIST 

Vapor Recovery Well # 

VALVE VALVE NAME 

sv-# Vapor Recovery Well # Steam Vent Valve 

VR-#D Vapor Recovery Well # Deep Valve 

VR-#S Vapor Recovery Well # Shallow Valve 

Where # represents the vapor recovery well number (l-7). 

Vacuum Piezometers 1-8 

VALVE VALVE NAME 

VP-#D VP-# Deep Vent Valve 

VP-#S VP-# Shallow Vent Valve 

W-#D VP-# Deep Vacuum Valve 

w-#S VP-# Shallow Vacuum Valve 

Where # represents the vacuum piezometer number (l-8). 

Vacuum Piezometers 9-15 

VALVE VALVE NAME 

VP-#D VP-# Deep Vent Valve 

VP-#S VP-# Shallow Vent Valve 

W-#D VP-# Deep Vacuum Valve 

w-#S VP-# Shallow Vacuum Valve 

Where # represents the vacuum piezometer number (9-15). 

Condenser Skid 

VALVE 

HV-501 

HV-502 

HV-503 

HV-504 

HV-505 

HV-506 

HV-507 

Cl 

VALVE NAME 

Cl Inlet Vapor-Liquid Separator Dram Valve 

Cl Outlet Vapor-Liquid Separator Dram Valve 

Cl Condensate Pump Discharge Throttle Valve 

Cl Condensate Makeup Valve to Recycle 

Cl Blower Heat Exchanger Recycle Return Valve 

Cl Recycle Pump Inlet Valve 

Cl Blower Heat Exchanger Condensate Return Valve 

HV-508 

HV-509 

HV-510 

HV-511 

HV-512 

HV-513 

POSITION 

OPEN 

OPEN 

OPEN 

POSITION 

OPEN 

CLOSED 

CLOSED 

CLOSED 

POSITION 

CLOSED 

CLOSED 

CLOSED 

CLOSED 

POSITION 

CLOSED 

OPEN 

THROTTLED a \ 

Cl Blower Heat Exchanger Recycle Supply Valve 

Cl Liquid Phase GAC Bypass Valve 

Cl Manual Blowdown Valve 

Cl Injection Pump Inlet Valve (Out of Se 

Cl Secondary Condensate Feed Valv 

Cl Condenser Heat Exchanger 

CLOSED ? 

OPEN 
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HV-514 Cl Cooling Tower Low Drain Valve 

HV-515 Cl Cooling Tower High Dram Valve 

HV-516 Cl Condensate Pump Air Vent / Equalization Valve 

VR Blower Skid 

VALVE 

HV-301 

Bl 
VALVE NAME 

VR Blower Bleed Valve 

Electrode # E# 

VALVE VALVE NAME 

Drip Valves will be opened to varying degrees to achieve a flow rate of 0.2 gpm 

HV-#W E# Shallow Electrode Wetting Drip Valve 

HV-#Y E# Shallow-Intermediate Electrode Wetting Drip Valve 

HV-#YY E# Intermediate Electrode Wetting Drip Valve 

HV-#R E# Intermediate-Deep Electrode Wetting Drip Valve 

HV-#RR E# Deep Electrode Wetting Drip Valve 

Where # represents the vapor recovery well number (1-8). 

GAC 

VALVE 

HV-603 

HV-604 

HV-605 

HV-606 

HV-608 

HV-609 

HV-610 

HV-611 

HV-612 

HV-613 

HV-614 

HV-615 

VALVE NAME 

GAC Inlet Dilution Damper 

GACl Inlet Header Damper 

GAC3/GAC4 Inlet Header Damper 

GAC2 Inlet Header Damper 

GAC Inter-GAC Dilution Damper 

GACl Inter-GAC Header Damper : 

GAC3 Inter GAC Header Damper 

GAC2 Inter-GAC Header Damper 

GACl Outlet Header Damper 

GAC3/GAC4 Outlet Header Damper 

GAC2 Outlet Header Damper 

GAC4 Inter GAC Header Damper 

CLOSED 

CLOSED 

THROTTLED 

POSITION 

OPEN 

POSITION 

THROTTLED 

THROTTLED 

THROTTLED 

THROTTLED 

THROTTLED 

POSITION 

OPEN 

OPEN 

CLOSED 

CLOSED 

CLOSED 

OPEN 

CLOSED 

OPEN 

CLOSED 
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SUBJECT: Shutdown of the Six-Phase Heating System 

1.0 

2.0 

3.0 

4.0 

5.0 

6.0 

7.0 

PURPOSE: 

The objective of this work instruction is to define the required equipment and steps 
necessary to perform short-term, long-term, and emergency shutdown of the Six-Phase 
Heating (SPH) system, in the vicinity of building C-400 at the Paducah Gaseous 
Diffusion Plant. 

APPLIES TO: 

This work instruction applies to the basic activities associated with shutting down the 
SPH system. This work instruction will be performed for short-term, long-term, and 
emergency shutdown of the SPH system (planned or unplanned). 

CONDUCTED BY: 

This work instruction will be performed by Thermal Remediation Services, Inc. (TRS) 
personnel or SPH system personnel trained to operate the SPH system, under the 
supervision of TRS. 

TRAINING AND OTHER PREREQUISITES: 

Training consists of a walk down of the general operation of the SPH system and this 
work instruction by the Operations Manager or designee. In addition, SPH system 
Operators will be trained on the following procedures, work instructions, and operator 
aids: CDM-005, “Development, Completion, and Control or Data Forms and Logbooks”; 
Operations and Maintenance Manual, Six-Phase Heating Treatability Study. 

SPECIAL TOOLS, EQUIPMENT, PARTS, AND SUPPLIES: 

The execution of this work instruction requires the following special equipment and 
supplies: none 

APPROVALS AND NOTIFICATIONS: 

Obtain approval from the Operations Manager before executing this work instruction for 
a routine shutdown. 

PRE-PERFORMANCE ACTIVITIES: 

Contract the Operations Manager (unless an emergency shutdown is required 
determine which shutdown is required. 

C-l 1 
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8.0 W’HAT TO DO: 

8.1 Precede to the applicable shutdown instructions. For a Long-Term Shutdown 
proceed to step 8.2. For a Short-Term Shutdown proceed to step 8.6. For an 
Emergency Shutdown proceed to step 8.7. 

A. Long-Term Shutdown of the SPH system 

NOTE: Obtain support from TRS before executing this work instruction, 

NOTE: At this time, the normal procedure is to call a TRS operator on the telephone for 
support in shutting down the SPH system. 

8.2 Shutdown the Power Control Unit by pressing the “electrode power off’ button. 
A “clunk” will be heard as the contactor (automatic switch) opens. 

NOTE: Prior to initiating shutdown of the Vapor Recovery (VR) Blower, wait approximately 
one hour after shutdown of the Power Control Unit (PCU) to allow the VR system to 
process residual steam. Stopping the VR blower is all that is necessary to cease active 
VR operation. 

8.3 Shutdown the Dilution Blower by switching the blower switch to the “OFF” 
position at the VR Blower Control Panel. 

NOTE: It is not necessary to turn off the dilution blower for most VR system shut downs. 
Continued operation of the dilution blower maintains a very slight vacuum on the VR 
system and ensures that any residual Volatile Organic Compounds (VOCs) are treated 
by the Granular Activated Carbon adsorbers. 

8.4 Switch the dilution blower switch to the “OFF” position at the Dilution Blower 
Control Panel. 

8.5 Shutdown Condenser 

NOTE: Unless necessary for maintenance or other activities, continued operation of the 
condenser recycle pump (J2) is desired. Condenser operation reduces the risk of freeze 
damage. 

8.5.1 Switch the cooling tower fan to the “OFF” position at the Condenser 
Skid Control Panel. 

8.5.2 If necessary, switch the Cl Recycle pump (52) to the “OFF” position at 
the Condenser Skid Control Panel. 

8.5.3 If necessary, turn the Cl Condensate Pump (Jl) off by 
“OFF” position at the Condenser Skid Control Panel. 

8.5.4 Close the Cl Blowdown Valve (LCV-501) by 
position at the Condenser Skid Control Panel. 
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B. Short-Term Shutdown of the SPH system 

NOTE: Obtain support from TRS before executing this work instruction. 

NOTE: At this time, the normal procedure is to call a TRS operator on the telephone for 
support in shutting down the SPH system. 

NOTE: Short-term shutdown of the SPH system can be performed for various sampling and/or 
maintenance events. Refer to appropriate work control documents for sampling and 
maintenance activities. 

C. 

8.6 Shutdown Power Control Unit by pressing the “electrode power off’ button. A 
“clunk” will be heard as the contactor (automatic switch) opens. 

m 
Emergency Shutdown of the SPH system 

NOTE: Emergency shutdown procedures will not be implemented if there is a condition that 
threatens personnel safety. 

NOTE: Emergency shutdown procedures will be implemented in the event of a small fire, leak, 
or spill, or other condition as determined by the Operations Manager. 

8.7 Open (turn off) the PCU emergency shutdown switch. 

8.8 Switch the VR Blower to the “OFF” position at the VR Blower Control Panel. 

8.9 Switch the cooling tower fan to the “OFF” position at the Cl Condenser Control 
Panel. 

8.10 Switch the water recycle pump to the “OFF” position at the Cl Condenser 
Control Panel. 

NOTE: The following step is optional based on the threat of personnel safety. 

8.11 Switch the dilution blower to the “OFF” position at the Dilution Blower Control 
Panel. 

9.0 

10.0 

11.0 

POST-PERFORMANCE ACTIVITIES: 

Record activities in the Daily Six-Phase Heating System Data Collection and 
Maintenance Sheets in accordance with CDM-005 “Development, Completion, and 
Control of Data Forms and Logbooks”. ,A A 

RECORDS: 4 c 

Daily SPH system Operational Data Collection and Maintenance Sheets. 

REFERENCES: 

CDM-005 “Development, Completion, and Control of Data F& 

Operations and Maintenance Manual, Six-Phase Heati 

c-13 
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All applicable equipment manuals 

12.0 WRITTEN BY: 

Thermal Remediation Services Inc. 

13.0 APPROVAL: 

Approved By: 
(Operations Manager) 

Date: 
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APPENDIX A 

ACRONYMS AND DEFINITIONS 

ACRONYMS 

PCU Power Control Unit 
SPH Six-Phase Heating 
TRS Thermal Remediation Services Inc. 
vocs Volatile Organic Compounds 
VR Vapor Recovery 

DEFINITIONS 

None 

c-15 
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SUBJECT: Operational Data Collection for the Six-Phase Heating System 

1.0 PURPOSE: 

2.0 

3.0 

4.0 TRAINING AND OTHER PREREQUISITES: 

5.0 

The objective of this work instruction is to define the required equipment and steps 
necessary to perform operational data collection for the Six-Phase Heating (SPH) system, 
in the vicinity of building C-400 at the Paducah Gaseous Diffusion Plant. 

APPLIES TO: 

This work instruction applies to the activities associated with collecting operational data 
at the SPH system. 

CONDUCTED BY: 

This work instruction will be performed by SPH system personnel trained to operate the 
SPH system. 

Training consists of a walk down of the general operation of the SPH system and this 
work instruction by the Operations Manager or designee. In addition, SPH system 
Operators will be trained on the following procedures, work instructions, and operator 
aids: CDM-005, “Development, Completion, and Control or Data Forms and Logbooks”; 
WI-SPH-005, Operations and Maintenance of the Six-Phase Heating System Vapor 
Phase Granular Activated Carbon Units; WI-SPH-002 Shutdown of the Six-Phase 
Heating System; Operations and Maintenance Manual, Six-Phase Heating Treatability 
Study. 

SPECIAL TOOLS, EQUIPMENT, PARTS, AND SUPPLIES: 

The execution of this work instruction requires the following special equipment and 
supplies: 

5.1 

5.2 

5.3 

5.4 

5.5 

5.6 

Dwyer Series 47 1 Therm0 Anemometer 

Photo Ionization Meter (PID) or Photo Acoustic Analyzer (PAA) A\ c 

Dwyer Series 477 Digital Manometer for pressure measurements 

Summa Canisters 

Omega HH21 digital thermometer (thermocouple reader) ,. I 

Fluke Model 179 True RMS Multimeter with 
Certificate 
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5.7 Fluke 80i-600A Clamp-on Ammeter 

6.0 APPROVALS AND NOTIFICATIONS: 

Obtain approval from the Operations Manager before executing this work instruction. 

7.0 

8.0 

PRE-PERFORMANCE ACTIVITIES: NONE 

WHAT TO DO: 

On - Site Daily Sampling and Monitoring (Each Work Day) 

First Set-Daily Log Sheet 

8.1 Measure the eight-hour time weighted average Volatile Organic Compound 
(VOC) concentration using the area PID. 

8.2 Verify that the condenser parameters are within range of the typical readings 
presented below. 

8.2.1 Cl Inlet Pressure Indicator (P2): 6-13 in. Hg.(Vacuum range due to soil 
moisture content) 

8.2.2 Cl Discharge Pressure Gauge (P3): 7-15 in. Hg. (Vacuum range due to 
soil moisture content) 

8.2.3 Cl Inlet Temperature Indicator (T2): Up to 82°C when the site is 
boiling. 

8.2.4 Cl Discharge Temperature Indicator (T3): Ambient -t5”C or 4”C, 
whichever is higher. 

8.2.5 C 1 Recycle Pump Discharge Pressure Gauge (P-502): 5- 10 psig. 

8.2.6 Record the Vapor Recovery Blower hour-meter on the control panel. 

8.3 

8.4 

8.2.7 Record the Vapor Recovery Blower outlet temperature. 

8.2.8 Heat Exchanger Discharge Pressure (P-503): 4-8 psig 

8.2.9 Cl heat Exchanger Discharge Temperature (T-502): 4°C to 49’C. 

8.2.10 Cl Recycle Pump Discharge Temperature Indicator (T-501): 
temperature or 4”C, whichever is higher. 

Record the condensate totalizer reading at the Cl 
Flow Meter (FM-501). 

Record the totalizer reading at the Cl Makeup 
(FM-502). 
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8.5 

8.6 

8.7 

8.8 

8.9 

8.10 

8.11 

8.12 

8.13 

Check the water holding tank level through the water holding tank site glass. If 
the tank level is greater than 6 feet, schedule an excess condensate water transfer 
and schedule a condensate water sample from the tank. Shutdown is not required. 

Record the Bl Vapor Recovery (VR) Blower Discharge Pressure (P4). If P4 is a 
positive pressure, use a PID to scan positive pressure piping for VOC leaks. The 
positive pressure piping begins at VR Blower Bl and ends at the blower 
discharge heat exchanger inlet. If VOCs are detected, shut down the VR system 
and repair the leak. 

Record the Blower Heat Exchanger Outlet Temperature (T5). 

Record the megawatt-m number off of the Power Control Unit (PCU) display. 

Verify PCU cooling fan operation and check that the doors are secured, note in 
PCU/Electrode field normal box. 

Observe and listen to the well field. If you hear a vacuum leak, telephone the 
Operations Manager to shut down the PCU and schedule a repair. 

Record the overall SPH energy by kW-hr meter at the SPH system PCU. 

Record the subsurface temperatures from the six temperature monitoring points 
(TMPs) located inside the treatment area at VP3 and VP5. 

Routine housekeeping of the site, remove all debris and keep the areas around the 
carbon vessels free of combustible materials. 

Daily Second Set - Vapor Stream Concentration Log 

8.14 

8.15 

8.16 

Using the PAA, measure and record the vapor stream concentrations of 
trichloroethene, VC, and DCE in the inlet GAC header (G5), inter GAC header 
(G6), and the GAC dilution blower sample port (G7). All vapor stream 
concentrations will be stored on the accompanying computer. 

If the concentration at the outlet of the primary GAC (S6) is greater than one-half 
the concentration measured at GAC Inlet Header Sample Port (S5), conduct the 
appropriate procedure described in Section A, Primary GAC Initial 
Operations in WI-SPH-005, Operations and Maintenance of the 
Heating System Vapor Phase Granular Activated Carbon Units. 

Using the anemometer, measure and record the velocity (feet per 
temperature (“F) of the vapor stream in the inlet GAC header (F5) 
header (F6) and the GAC dilution blower sample port (F7). 

Daily Third Set-Temperature Monitoring Points 

8.17 Record temperatures from subsurface TMPs and 
sheet using a Digital Thermoreader. 
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Remote Daily Monitoring (Each Work Day) 

NOTE: Remote monitoring is conducted in an office environment. Data is recorded directly 
into a spreadsheet for logging and analysis. 

8.18 Measure the energy to each electrode by dividing the overall energy among the 
electrodes in proportion to the measured power of each at the SPH system PCU. 

WeeMy Sampling and Monitoring 

WeekIy First Set-Current Log (amps) 

NOTE: First set sampling and monitoring can be performed any time during the week. 

8.19 Measure and record the current flow to each electrode element using a clamp-on 
ammeter. 

Weekly Second Set- Piezometer and Vapor Recovery Well Vacuum Measurement 
and Piezometer Temperature Log 

8.20 Measure and record the subsurface temperatures at the 6 vacuum piezometer 
locations using the procedure in section E. 

8.21 Measure and record vacuum influence at the 15 vacuum piezometers using the 
procedure in section E. 

8.22 Measure and record the vacuum or pressure at the steam vents of the piezometers 
using the procedure in section E. 

8.23 Measure and record the vacuum at the fourteen VR wells (VR-#D and VR-#S), 
where # equals the VR Well ID, using a vacuum gage. 

Piezometer Measurements (Weekly, Second Set) 

8.24 

8.25 

Measure the subsurface temperatures at each vacuum piezometer location using 
the following procedure: 

8.24.1 Measure the 17,37, and 57 ft below ground surface (bgs) interval for 
each of the six piezometer thermocouples. 

Measure vacuum influence at the 15 vacuum piezometers at depths of lo,20 an 
30 feet bgs using a manometer. Piezometers VI through Vl 1 are within the 
expected radius of vacuum influence and should have a measurable v 
three depths. If any of these piezometers does not show a vacuum, ve 
sample line is clear by blowing a small amount of air into the tubin 
V12 through V15 are outside the region of expected vacuum infl 
show a slight vacuum or a slight positive pressure. If any of th 
show a positive pressure, review the atmospheric barom 
over the past 2-3 days for a decrease in pressure, also ch 
lie closer to the treatment region, but on a similar radial s 
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8.26 Measure the vacuum or pressure at the steam vents of the piezometers. Steam 
vents Vl through V8 are connected to the vapor recovery system and will be 
under a vacuum during VR operation. Steam vents V9 though V15 have screens 
below the water table and will not normally provide an accurate indication of 
subsurface pressure or vacuum. However, these steam vents will show a 
sustainable pressure if a steam bubble collects at the top of the Regional Gravel 
Aquifer. Check for influence of a steam bubble using the following procedure: 

8.26.1 Review the temperatures measured at 57 feet bgs for each piezometer. 
The presence of the steam bubble requires a temperature of at least 
100°C. If a temperature of less than 95OC was recorded then a steam 
bubble is not expected. 

8.26.2 For steam vents Vl through V8, shut the wellhead vacuum valve and 
monitor wellhead pressure until it stabilizes, but not longer than one 
minute. Record the pressure and open the wellhead valve. A pressure of 
greater than 1 pounds per square inch gage (psig) indicates that a steam 
bubble would probably collect at that location, if it were not for the 
removal action of the steam vent. 

8.26.3 For steam vents V9 through V15, vent the wellhead via a %-inch 
connection for one minute, and then measure the wellhead pressure. A 
pressure of greater than 1 psig in conjunction with a temperature of 
greater than 95°C at 57 feet bgs indicates that a steam bubble has moved 
to that location from the heated region. Connect this steam vent to the 
VR system using a 1” steam hose. 

9.0 POST-PERFORMANCE ACTIVITIES: 

9.1 Record activities in the Daily Six-Phase Heating System Data Collection and 
Maintenance Sheets in accordance with CDM-005 “Development, Completion, 
and Control of Data Forms and Logbooks”. 

10.0 RECORDS: 

Daily SPH system Operational Data Collection and Maintenance Sheets. 

Completion, and Control 
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12.0 

13.0 

WI-SPH-002 “Shutdown of the Six-Phase Heating System” 

WI-SPH-005 “Operations and Maintenance of the Six-Phase Heating System Vapor 
Phase Granular Activated Carbon Units” 

Operations and Maintenance Manual, Six-Phase Heating Treatability Study 

All applicable equipment manuals 

WRITTEN BY: 

Thermal Remediation Services Inc. 

APPROVAL: 

Approved By: 
(Operations Manager) 

Date: 
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ACRONYMS 

bgs 
PAA 
PCU 
PID 

psig 
SPH 
TMPs 
voc 
VR 

DEFINITIONS 

None 

APPENDIX A 

ACRONYMS AND DEFINITIONS 

below ground surface 
Photo Acoustic Analyzer 
Power Control Unit 
Photo Ionization Detector 
Pounds per Square Inch Gauge 
Six-Phase Heating 
Temperature Monitoring Points 
Volatile Organic Compound 
Vapor Recovery 
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APPENDIX B 

SIX-PHASE HEATING SYSTEM OPERATIONAL DATA COLLECTION SHEETS 

See attached data collection sheets pages 1 through 4. 
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SUBJECT: Maintenance and Calibration of the Six-Phase Heating System 

1.0 

2.0 

3.0 

4.0 

5.0 

6.0 

5.4 Power Control Unit (PCU) Filter (20” x20” x2” pleated HVAC filter) 

APPROVALS AND NOTIFICATIONS: 

Obtain approval from the Operations Manager before executing this work instru 

7.0 PRE-PERFORMANCE ACTIVITIES: 

8.0 WHAT TO DO: 

PURPOSE: 

The objective of this work instruction is to define the required equipment and steps 
necessary to perform maintenance and calibration to the Six-Phase Heating (SPH) 
system, in the vicinity of building C-400 at the Paducah Gaseous Diffusion Plant. 

APPLIES TO: 

This work instruction applies to the activities associated with performing routine 
maintenance and calibration of the SPH system. 

CONDUCTED BY: 

This work instruction will be performed by SPH system personnel trained to operate the 
SPH system. 

TRAINING AND OTHER PREREQUISITES: 

Training consists of a walk down of the general operation of the SPH system and this 
work instruction by the Operations Manager or designee. In addition, SPH system 
Operators will be trained on the following procedures, work instructions, and operator 
aids: CDM-005, “Development, Completion, and Control or Data Forms and Logbooks.” 

SPECIAL TOOLS, EQUIPMENT, PARTS, AND SUPPLIES: 

The execution of this work instruction requires the following special equipment and 
supplies: 

5.1 Vapor Recovery (VR) Blower cooling fan belt 

5.2 NLGI Grade 2-Lithium Grease 

5.3 Grease Pump a 

NOTE: 

A. 

For all bearings, the appropriate grease 
Mobilith AW2. 

Weekly Maintenance 

NONE 

is NLGI 
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NOTE: VR blower shutdown is not required for greasing. 

8.1 Grease the VR blower by applying five pumps of the grease gun to each bearing 
or until grease is noted coming out of the vent, whichever is less. 

8.2 Inspect PCU filters. Change the filters if obviously dirty. Verify cooling fan 
operation if ambient temperatures are greater than 20°F. 

B. Monthly Maintenance 

8.3 Shut down the PCU and danger tag out the PCU Input Disconnect. 

8.4 Inspect PCU cooling fan belts for deterioration and tightness and replace if 
necessary. 

8.5 Shut down the VR Blower and danger tag out the VR Blower Disconnect Switch. 

8.6 Inspect VR Blower cooling fan belts for deterioration and tightness and replace if 
necessary. 

NOTE: The VR blower requires an oil change every 1500 hours. 

8.7 If the VR Blower has been operating for more than 1000 hours since the last oil 
change, change the blower oil per the Roots blower operating manual and record 
the hour meter reading. Clear danger tag. 

NOTE: Dilution Blower shutdown is not required for greasing. 

8.8 Grease the dilution blower by applying two pumps of the grease gun to each shaft 
bearing or until slight grease purging is noted at the seals, whichever is less. 

C. Six-Month Maintenadce 

8.9 

8.10 

8.11 

8.12 

8.13 

8.14 

8.15 

8.16 

Shut down the PCU and danger tag out the input disconnect. 

Apply two pumps of the grease gun to each fan bearing or until slight grease 
purging is noted at the seals, whichever is less. 

Grease the PCU tap-changer bearings. Apply two pumps of the 
each bearing or until slight grease purging is noted at the seals, 

Vacuum the PCU interior. 

Inspect PCU cables for chafing. 

Check bolt tightness on all electrical connections using a 3/4” 

Close and lock all PCU access doors. Remove danger 

Cycle the tap changers through a full range of 

C-25 
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9.0 POST-PERFORMANCE ACTIVITIES: 

Record activities in the Daily Six-Phase Heating System Data Collection and Maintenance Sheets 
in accordance with CDM-005 “Development, Completion, and Control of Data Forms and 
Logbooks”. 

10.0 RECORDS: 

Daily SPH system Operational Data Collection and Maintenance Sheets. 

11.0 REFERENCES: 

CDM-005 “Development, Completion, and Control of Data Forms and Logbooks” 

All applicable equipment manuals 

12.0 WRITTEN BY: 

Thermal Remediation Services Inc. 

13.0 APPROVAL: 

Approved By: Date: 
(Operations Manager) 

C-26 

137 



CDM Federal Programs Corporation 
Six-Phase Heating System - Work Instruction WI-SPH-004 Rev. 1 

Issued: May 7,2003 Effective: May 7,2003 Expires: May 7,2004 Page 4 of 5 

APPENDIX A 

ACRONYMS AND DEFINITIONS 

ACRONYMS 

PCU 
SPH 

DEFINITIONS 

None 

Power Control Unit 
Six-Phase Heating 
Vapor Recovery 
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APPENDIX B 

SIX-PHASE HEATING SYSTEM MAINTANENCE AND CALIBRATION SHEET 

See attached sheet. 
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SUBJECT: Operations and Maintenance of the Six-Phase Heating System Vapor Phase 
Granular Activated Carbon Units 

1.0 PURPOSE: 

The objective of this work instruction is to define the required equipment and steps 
necessary to operate and maintain the vapor phase Granular Activated Carbon (GAC) 
vessels for the Six-Phase Heating (SPH) system, in the vicinity of building C-400 at the 
Paducah Gaseous Diffusion Plant. 

2.0 APPLIES TO: 

3.0 

4.0 

5.0 

6.0 

7.0 

8.0 

This work instruction applies only to the activities associated with determining Volatile 
Organic Compound (VOC) breakthrough and performing changeout operations for the 
vapor phase granular activated carbon units and determining the GAC inlet flow rate at 
the SPH system. 

CONDUCTED BY: 

This work instruction will be performed by SPH system personnel trained to operate the 
SPH system. 

TRAINING AND OTHER PREREQUISITES: 

Training consists of a walk down of the general operation of the SPH system and this 
work instruction by the Operations Manager or designee. In addition, SPH system 
Operators will be trained on the following procedures, work instructions, and operator 
aids: CDM-005, “Development, Completion, and Control or Data Forms and Logbooks”. 

SPECIAL TOOLS, EQUIPMENT, PARTS, AND SUPPLIES: 

The execution of this work instruction requires the following special equipment and 
supplies: 

5.1 Photo Acoustic analyzer (PAA). 

APPROVALS AND NOTIFICATIONS: 

Obtain approval from the Operations Manager before executing this work instruction. 

PRE-PERFORMANCE ACTIVITIES: NONE 

WHAT TO DO: 

NOTE: Initial breakthrough of the primary GAC adsorber is indicated wh 
concentration exiting the vessel (S6) is greater than 50 percent of 
concentration (S5). If initial breakthrough is reached, the opera 
procedures outlined in Section A, Primary GAC Breakthrough 

NOTE: This action increases the trichloroethene (TCE) vapor con 
GAC adsorber and allows this unit to achieve a higher V 
second loading of the primary GAC adsorber, the temp 
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zone is much less than observed during the initial loading and TCE concentrations of 
up to 20,000 parts per million by volume (ppmv) (108 mg/l) are acceptable. At a 
constant TCE extraction rate, the primary adsorber will reach second breakthrough in 
about one-half the time required to reach initial breakthrough. This estimate can be 
helpful for planning purposes to schedule when to have the next GAC adsorber 
delivered to the site. 

NOTE: Operational data collection for the SPH system directing that routine housekeeping of 
the site include keeping areas around carbon vessels free of combustible materials. 

A. Primary GAC Initial Breakthrough Operations 

8.1 Open the Inter-GAC Dilution Damper (HV-608). 

8.2 Shut the GAC Inlet Dilution Damper (HV-603). 

8.3 Measure the stack airflow to verify that it is less than 2400 standard cubic feet 
per minute (scfm) at the GAC Dilution Blower Anemometer Port (F7). 2400 
scfm is 6,885 feet per minute (fpm) in the 8” diameter stack. If the stack velocity 
is greater than 6,885 fpm, throttle HV-608 to achieve 6,885 fpm. 

8.4 Estimate time to reach second breakthrough of Primary GAC vessel. 

NOTE: When the primary GAC adsorber reaches VOC breakthrough a second time, with 
undiluted recovered vapor, the GAC adsorber is spent and a vessel changeout is 
required. The operator will perform the procedures outlined in Section B, GAC Vessel 
Changeout. 

B. GAC Vessel Changeout 

8.5 

8.6 

8.7 

8.8 

8.9 

Contact the Operations Manager to obtain the specific valve alignments required 
to execute steps 8.6 through 8.20. 

Connect the inlet hose of the spare GAC adsorber to the inter-GAC header 
(HV-609, HV-610, HV-6 11, or HV-6 15). Connect the outlet hose of the spare 
GAC adsorber to the GAC outlet header (HV-6 12, HV-6 13, or HV-6 14). 

Open the GAC outlet header blast gate (HV-612, HV-613, or HV-614) for the 
spare GAC adsorber. Open the inter-GAC header blast gate (HV-609, HV-610, 
HV-611, or HV-615) for the spare GAC adsorber. The spare GAC adsorber is 
now on service. 

Shut the GAC outlet header blast gate (HV-612, HV-613, or 
secondary GAC adsorber. Shut the inter-GAC header blast gate (HV- 
610, HV-611, or HV-6 15) to the secondary GAC adsorber. 

Connect the inlet hose of the secondary GAC adsorber to the 
(I-N-604, HV-605, or HV-606). Connect the outlet 
adsorber to the inter-GAC header (HV-609, HV-6 10, 
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8.10 

8.11 

8.12 

8.13 

8.14 

8.15 

8.16 

8.17 

8.18 

8.19 

Open the GAC inlet dilution damper (HV-603). Shut the inter-GAC dilution 
damper (HV-608). 

Open the inter-GAC header blast gate (HV-609, HV-610, HV-611, or HV-615) 
for the secondary GAC adsorber. Open the GAC inlet header blast gate (HV-604, 
HV-605, or HV-606) for the secondary GAC adsorber. The secondary GAC 
adsorber has been returned to service. 

Shut the inter-GAC header blast gate (HV-609, HV-610, H-V-61 1, or HV-615) to 
the spent GAC adsorber. Shut the GAC inlet header blast gate (HV-604, HV-605, 
or HV-606) to the spent GAC adsorber. 

Disconnect the spent GAC adsorber outlet hose at both the vessel and at the inter- 
GAC header. 

Open the GAC inlet header blast gate (HV-604, HV-605, or HV-606) for the 
spent GAC adsorber. Shut the GAC inlet dilution damper (HV-603). This will 
purge the spent GAC adsorber with fresh air in the backflow direction. 

After one minute of purging, open the GAC inlet dilution damper (HV-603). Shut 
the GAC inlet header blast gate (HV-604, HV-605, or HV-606) to the spent GAC 
adsorber. 

Disconnect the spent GAC adsorber inlet hose at both the vessel and at the GAC 
inlet header. 

Remove the “Secondary GAC” magnetic sign from the former secondary GAC 
adsorber and place it on the former spare GAC adsorber. Remove the “Primary 
GAC” magnetic sign from the spent GAC adsorber and place it on the new 
primary (former secondary) GAC adsorber. 

Measure the GAC Inlet Header (S5) VOC concentration using a Photo Ionization 
Detector or the PAA. If the TCE concentration at the GAC adsorber inlet is 
greater than 1500 ppmv, telephone the Operation Manager to briefly shut down 
the SPH system and conduct an evaluation to determine how to reduce the inlet 
concentration during operations. After the SPH has been shut down for one hour, 
it is usually appropriate to re-start the SPH system at a power level that is 
proportionately lower by the ratio of the desired to measured VOC 

As soon as practical (typically less than 5 days), remove the spent GAC 
and replace it with a new spare GAC adsorber. 

8.20 Connect the inlet hose of the new spare GAC adsorber to the 
(W-609, HV-610, I-W-61 1, or HV-615). Connect the outlet 
GAC adsorber to the GAC outlet header (HV- 

NOTE: This procedure is for determining the GAC inlet flow rate 
Anemometer Port (F5) or stack flow at the GAC Di 
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C. 

(F7). 

GAC Inlet Flow Rate Determination 

8.21 

8.22 

8.23 

8.24 

8.25 If measuring the flow rate at the GAC Dilution Blower Anemometer Port (F7), 
measure and record the flow velocity at the Stack Anemometer Port (F7) in feet 
per minute (fpm). 

8.26 Calculate the flow. The flow equation is: 

The digital therm0 anemometer has a telescoping measurement wand. Grasp the 
wand by the knurled tip and pull the inner telescoping tube out slightly to expose 
the flow measuring port (with the thin wire) and the temperature measuring port 
(with the rectangular chip). 

Push the inner telescope tubing in until l/2” of the tube is exposed below the 
temperature measurement port. The tube is scored at this depth. Placing the 
telescoping tube at this depth will position the flow measuring port at the correct 
pipe radius to obtain the most accurate flow measurement. 

Insert the anemometer into the GAC Inlet Header Anemometer Port (F5) or the 
Stack Anemometer Port (F7) as appropriate. Ensure that the holes in the 
anemometer are oriented parallel to the pipe flow. The anemometer should be 
inserted into the pipe until the end of second smallest telescoping tube is flush 
with the pipe outer wall. 

If measuring the flow rate at the GAC Inlet Header Anemometer Port (F5) 
measure and record the flow velocity at the GAC Inlet Header Anemometer Port 
(F5) in fpm. 

scfm = 0.79 ft * x fpm 

Where scfm = standard cubic feet per minute; 0.79 ft* = cross-sectional area of a 12-inch 
pipe; fpm = feet per minute 

8.27 Estimate the VOC recovery rate. The equation is: 

lb I day = 0.00048 * scfm * ppmvTCE 

Where lb/day = pounds of VOCs recovered per day; and ppmv TCE is the vapor 
concentration. 

9.0 POST-PERFORMANCE ACTIVITIES: 

Record activities in the Daily Six-Phase Heating System Data Collectio 
Maintenance Sheets in accordance with CDM-005 “Development, Co 
Control of Data Forms and Logbooks”. 
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10.0 

11.0 

12.0 

13.0 

RECORDS: 

Daily SPH system Operational Data Collection and Maintenance Sheets. 

REFERENCES: 

CDM-005 “Development, Completion, and Control of Data Forms and Logbooks” 

All applicable equipment manuals 

WRITTEN BY: 

Thermal Remediation Services Inc. 

APPROVAL: 

Approved By: 
(Operations Manager) 

Date: 
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APPENDIX A 

ACRONYMS AND DEFINITIONS 

ACRONYMS 

fpm 
GAC 
PAA 

PPmv 
scfm 
SPH 
TCE 
voc 

feet per minute 
granular activated carbon adsorber 
photoacoustic analyzer 
parts per million by volume 
standard cubic feet per minute 
Six Phase Heating 
trichloroethene 
Volatile Organic Compound 

DEFINITIONS 

None 
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SUBJECT: Electrode Current Surveys 

1.0 

2.0 

3.0 

4.0 

PURPOSE: 

The objective of this work instruction is to define the required equipment and steps 
necessary to conduct electrode current surveys at the Six Phase Heating (SPH) 
Treatability Study, in the vicinity of building C-400 at the Paducah Gaseous Diffusion 
Plant. 

APPLIES TO: 

This work instruction applies only to the activities associated with determining the 
electrical current to the six depth zones in each electrode. 

CONDUCTED BY: 

This work instruction will be performed by SPH system personnel trained to operate the 
SPH system. 

TRAINING AND OTHER PREREQUISITES: 

Training consists of OSHA 191 O-l 3 l-l 37 (approved for working on energized equipment 
/systems) and of a walk down of the general operation of the SPH system and this work 
instruction by the Operations Manager or designee. In addition, SPH system Operators 
will be trained on the following procedures, work instructions, and operator aids: CDM- 
005, “Development, Completion, and Control or Data Forms and Logbooks”. 

Meet the requirements of Activity Hazard Analysis for Testing Energized Equipment ~50 
volts. 

5.0 SPECIAL TOOLS, EQUIPMENT, PARTS, AND SUPPLIES: 

The execution of this work instruction requires the following special equipment and 
supplies: 

5.1 

5.2 

5.3 

5.4 

5.5 

Lineman’s Gloves - either Class 00 (SOOV) or Class 0 (1OOOV) glove J 
appropriate for the applied electrode voltage. Class 00 gloves are more flexible. ,,\> 

certificate 

Flame Retardant Coveralls 

Face Shield 

Clamp-on Ammeter - connected to a multimeter with 

Electrically Insulated Screwdriver - conforms to IECBO 
o( 

c 
# 
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5.6 Small or Medium Fuse Puller (optional) - can be used to grab and reposition 
cables 

6.0 APPROVALS AND NOTIFICATIONS: 

Obtain approval from the Operations Manager before executing this work instruction. 

7.0 PRE-PERFORMANCE ACTIVITIES: NONE 

8.0 WHAT TO DO: 

NOTE: Survey must be performed with power applied to the electrodes 

8.1 

8.2 

8.3 

8.4 

8.5 

8.6 

8.7 

8.8 

Personnel to be taking current measurements must don proper personal protective 
equipment (Gloves, flame retardant apron, and face shield). Verify that the 
gloves have been tested within the past six months. 

Enter the active treatment area with a partner for documentation and emergency 
response (‘two man rule”). 

Using insulated screwdriver, open electrode head cover and place aside. 

Clamp the ammeter around each of the connected electrode cables. Cables can be 
repositioned using: a gloved hand, a fuse puller, an insulated screwdriver or the 
jaws of the clamp-on ammeter. 

Record data. 

Return cover to electrode head and fasten screws. 

Repeat steps 8.1- 8.6 for each of the electrodes until complete. 

If the glove test is more than five months old, schedule glove re-testing. 

9.0 

10.0 

11.0 

POST-PERFORMANCE ACTIVITIES: 

Record activities in the daily Six-Phase Heating System Data Collection and 
Maintenance Sheets in accordance with CDM-005 “Development, Completion, and 
Control of Data Forms and Logbooks”. 

RECORDS: 

Daily SPH system Operational Data Collection and Maintenance Sheets. 

REFERENCES: b’ 

CDM-005 “Development, Completion, and Control of Data Forms and & 

All applicable equipment manuals 
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12.0 WRITTEN BY: 

Thermal Remediation Services Inc. 

13.0 APPROVAL: 

Approved By: 
(Operations Manager) 

Date: 
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APPENDIX A 

ACRONYMS AND DEFINITIONS 

ACRONYMS 

IEC International Electrical Code 
NIST National Institute of Standards and Testing 
SPH Six Phase Heating 

DEFINITIONS 

None 




